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The Pentagon system, with 67 million vehicle-miles of travel a year, has an almost perfect safety record. 


HIGHWAY SAFETY 
Driver Behavior—Key to Safe Highway Design 


The Society of Automotive Engineers’ Second David Beecroft Memorial Lecture 


In our knowledge of the manner in which 
highways are used by the mass of traffic, 
we have reached the point at which we can 
coordinate driver behavior under prevailing 
traffic conditions with the geometric details 
of highway design. The degree to which the 
criteria so determined are accepted and in- 
telligently applied in practice will determine 
the degree of safe efficiency of our future 
highways. 

Our principally used street and highway 
systems are largely the product of the past 
third of a century. Most of the improved 
mileage has been built under public pres- 
sures, and also by legislative edict, to stretch 


the dollars over maximum lengths. In 


general, the design tolerances have been 
too meagei for today’s quantity and char- 
acteristics of traffic. Traffic-overloaded 
highways are one of the chief underlying 
causes of highway accidents. 

Geometric highway design to induce 
proper driver behavior in traffic streams 
will require rebuilding or rehabilitation of 
the major mileage of both the primary and 
principal secondary routes to more liberal 
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standards. The cost will exceed annual 
expenditures heretofore reached, and will 
require a long period—a minimum of 15 
years and probably longer. Carefully 
planned annual programs of rehabilitation 
are an emergency need. 

The appealing angle of highways de- 
signed for safe operation is that safe designs 
cost no more than unsafe designs, if total 
costs are considered. The initial cost of 
constructing a highway is only one element, 
and far less costly than other elements, of 
the tetal annual cost of highway transport. 
The costs of owning, maintaining, and op- 
erating more than 40 million motor vehicles 
are many times the expenditure for high- 
When 
these total costs to road users are considered, 
plus the value of lost time for the millions 
of passenger cars used for business and for 
all vehicles operated by paid drivers, and 
the value of saving in time on the invest- 
ment of farmers, merchants, and indus- 
trialists in their vehicles and in the mer- 
chandise carried, there are few highways 


way construction and maintenance. 
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By THOS. H. MacDONALD, 
Commissioner of Public Roads 


indeed for which the small additional in- 
vestment to design for safer operation can- 
not be justified on the economic basis of 
returns to road users. When there are 
added to these costs the cost of highway 
accidents that can be prevented by high- 
ways designed for safety, the economy of 
such highways is unassailable. Incident- 
ally, highway engineers have too long 
wrecked professional conviction against 
the stone wall of comparative ‘‘per mile’’ 
costs. We need a new concept that recog- 
nizes the actual passenger-mile and ton- 
mile services returned as the realistic 
measure of highway construction costs. 

Highways designed for safety on the 
national scale will be realized all too slowly. 
There are many accidents which highways 
designed within cost possibilities cannot 
prevent. The only hope of maintaining the 
downward trend of accidents, particularly 
fatal accidents, is the vigorous application, 
enforcement, and popular support of the 
Action Program of the President’s High- 
way Safety Conference. 
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This well-planned highway easily and safely carries 10,000 vehicles a day 
at reasonable speeds. 


HROUGH the many years of his activities 

in the rapidly expanding fields of automo- 
tive engineering and motor vehicle utilization, 
David Beecroft was a positive force for tech- 
nical progress. He constantly brought to his 
associates the impression of a restless inner 
drive to secure action, and an eagerness, 
merging into impatience, to defeat delays in 
moving toward higher standards of excellence 
for the many diverse components that must be 
integrated and perfected to provide the desired 
end product—efficient highway transport. 
He insisted that the attack on each problem 
accord with sound techniques, and believed 
that advance comes through research. In 
1921, when president of the Society of Auto- 
motive Engineers, he said: “The roots of the 
present are always found in the past, and we 
must study the past if we are to proceed cor- 
rectly in interpreting sanely the days that are 
to come.” 

We might, perhaps, modestly record the 
progress that has been made in highway trans- 
port development since Mr. Beecroft gave 
expression to this principle. After four dec- 
-ades of accelerated growth in the extent and 
varieties of services provided by the motor 
vehicle, it is self-evident that in this period no 
other single factor has so profoundly affected 
the pattern of social and economic life in these 
United States. A particularly impressive 
chapter of the record would disclose the realized 
strength that highway transport provided the 
United States for both defense and offense 
during World War II. 

It is more consistent with Mr. Beecroft’s 
philosophy, however, to use the experience of 
the past to insure the complete rejection of 
the fatalistic suspicion that the current in- 
efficiencies and hazards of highway transport 
are necessarily inherent. 

If we are to gain mastery over highway 
transport as an efficient tool for national 
progress, and stop the toll that we are paying 
for its use in the tragic loss of life, the per- 
manent injuries, and the financial costs of 
accidents that no nation, however wealthy, 
can afford, we must critically re-examine our 
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policies and practices, particularly the think- 
ing back of these, to find the causes that are 
responsible for our failures. We know we 
have taken many wrong turnings. Changing 
conditions require new horizons in our applied 
“techniques as knowledge is unfolded and ex- 
perience is more precisely interpreted. It is 
profitless to speculate upon what we might 


,_ have done had we foreseen, in the early years, 


a reasonable fraction of the dimensions to 
which highway transport was so rapidly to 
grow, or had we anticipated more realistically 
its characteristics in actual operation. 

It is a high honor to follow, in this series of 
papers,' Mr. Paul G. Hoffman, who in 1947 
presented the first David Beecroft memorial 
lecture. There is, in the general confidence 
of his fitness to carry the world-wide respon- 
sibility as head of the Economic Cooperation 
Administration, a recognition of his major 
contribution and efforts to bring highway 
safety into effective unity with our everyday 
living. 

In the ECA program the United States has 
accepted high international responsibility in 
the struggle to achieve democracy, which es- 
sentially means cooperation and coardination. 
The principle must be accepted and applied to 
every major feature of our national life if we 
are to be an example of our ideology worthy 
of the emulation of other nations. Highway 
transport consists of so many elements that 
we can only secure an excellent standard of 
service as we approach complete cooperation 
and coordination. On this premise, it ap- 
pears to be responsive to the purpose behind 
the series of papers set in motion by Mr. 
Beecroft, to explore the present state of the 
art in the single field of highway design in 
relation to highway safety. 

In this particular and limited field there is 
urgent need for a major shift in the approach 
to the determination of the geometric design. 
Since major changes in our thinking and in 
our policies applied in this field are indicated 

1 This paper was presented as the second David Beecroft 


memorial lecture at a meeting of the Society of Automotive 
Engineers in Washington, D. C., November 16, 1948, 









by the findings of intensive research now 
available, it may, by inference, be expected 
that need for major changes exists in other 
elements of highway transport. It is hoped 
that future papers in this series may present 
the record of the present, and also new con- 
cepts in the allied fields of motor-vehicle 
design, motor-vehicle administration, par- 
ticularly driver licensing and driver training, 
traffic laws, enforcement, and safety education 
designed to fortify driver behavior with dis- 
ciplined attitudes of mind. These are all 
interrelated and interdependent, and our 
mastery of the whole problem of street and 
highway transport with safety depends upon 
mastery in each of these fields. 

This paper purports only to record the 
devoted work of many individuals and many 
organizations to advance the cause of high- 
way safety. The Action Program of the 
President’s Highway Safety Conference, the 
extensive work of the Automotive Safety 
Foundation, that of the National Safety 
Council, and of many others, are reflected in 
the conclusions reached. The factual data 
are the product of the Department of Research 
of the Public Roads Administration under 
Deputy Commissioner H. 8. Fairbank, and 
in particular result from detailed research of 
O. K. Normann, Carl Saal, C. W. Prisk, 
W. P. Walker, A. Taragin, and others who 
have engaged in the field of traffic research 
intensively and devotedly over many years. 

The application of such data to design 
practices of Public Roads is the product of 
the Department of Design under Deputy 
Commissioner H. E. Hilts and his associates. 
There is particular response to the advance in 
design requirements by the Urban Division 
under Joseph Barnett. 

The effort has been made to eliminate per- 
sonal opinion, and to substitute conclusions 
supported by detailed observations of con- 
trolled research carried on over a sufficient 
period and with adequate repetition to justify 
confidence in the results. It is, however, not 
the intention to reflect an implication of 
finality. Continuing research will refine and 
illumine problems which are as yet obscure, 
but it is certain that driver behavior en masse 
is the key to safe highway design. 

THE BACKGROUND OF HIGHWAY 

DESIGN 


For too long, and in too great degree, high- 
way design has been distorted by the tyranny 
of wrong concepts. Most important of these 
in its adverse impacts is the error of thinking 
of the motor vehicle as static in relation to the 
highway. In use, the vehicle is dynamic and 
takes on very different qualities. 

When the motor vehicle first appeared, it 
was held to be a legal interloper on highways 
whose function was to serve horse-drawn 
traffic. As the number increased, only minor 
concessions were made to its higher speed, in 
the way of superelevated curves—probably 
borrowed from prior railroad practice. The 
effects of railway engineering tenets upon high- 
way design are evidenced by the meager 
tolerances which have been built into our 
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roads, reflecting operations on fixed tracks 
not subject to deviation from course. The 
motor vehicle in motion is highly flexible; but 
at relatively low densities of traffic the opera- 
tion begins to take on the character of stream 
flow, and the individual vehicle loses its 
identity and its freedom. As an integral 
part of a traffic stream, each vehicle affects, 
and is affected by, all of the other vehicles in 
its own flow line and in contiguous streams. 

The old adage—the proper study of man- 
kind is man—is not only scientifically correct, 
but is the only approach to the problem of 
highway design with maximum safety. Hu- 
man behavior at the wheel, with foot on the 
accelerator rather than the brake, is the all- 
important criterion for highway design. The 
implication here is not an invitation to speed, 
or to design with the objective of high speeds. 
Driver behavior en masse reflects normally 
average rural speeds of 42 to 48 miles per 
hour when reasonable freedom is permitted. 
As cars are designed, the foot on the accelerator 
is the normal driving position, and through 
the accelerator the driver expresses not only 
his desire to reach an objective, but in addition 
a wide range of reactions that may be con- 
scious emotions or unconscious reflexes. The 
driver en masse is not designed for high speeds 
with safety. Once the mean and range of 
human behavior are determined by precise 
measurements extended to thousands of 
observations until the general pattern emerges, 
the design limits thus fixed will have sufficient 
tolerance to provide for the usual departures 
from the norm. Highway capacity adjusted 
to traffic volume is a major factor in safe 
highway design. True economy is served 
only if this test is met, and thus safety 
becomes directly a measure of efficient as 
well as economical] design. 

The ratio of commercial vehicles to pas- 
senger cars has important effects upon the 
road capacity to carry traffic. In 1904 the 
ratio of trucks and busses to passenger cars 
was 1 to 78; by 1910 this ratio had become 1 
to 45; in 1920, 1 to 7.3; in 1930, 1 to 6.5; 
in 1940, 1 to 5.9; and it is expected that for 
1948 the ratio will be about 1 to 4.5 (see 
table 1). The percentage of commercial 
vehicles in the total daily traffic flow is con- 
tinuing to increase, and for this reason more 
adequate recognition of the requirements of 
such traffic must be incorporated in the 
design to insure safe, efficient operation of 
all traffic. 

The influence of increasing the percentage 
of commercial vehicles upon the total capac- 


Table 1.—Registrations of automobiles and 
of trucks and busses 




















| 
| Registrations Ratio of 
’ — 
lane | an 
eal Automo- | Trucks busses to 
~ hflas and Total automo- 
busses biles 
1904 | 54, 590 700 55, 290 | 1 to 78.0 
1910 | 458, 377 10, 123 468, 500 | 1 to 45.3 
1920 | 8,131,522 | 1,107,639 | 9,239,161 | 1 to 7.3 
1930 22, 972, 745 |: 3, 559, 254 | 26,531,999 | 1 to 6.5 
1940 | 27,372,397 | 4,663,027 | 32,035,424 | 1to 5.9 
1947 | 30,718, 852 | 6,641,611 | 37,360,463 | 1 to 4.6 
1948 1 33, 225, 000 | 7,332,000 | 40,557,000 | 1.to 4.5 











' Estimated. i 
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ity of multilane highways, under the favor- 
able conditions of uninterrupted flow, ‘is 
illustrated in table 2. On two-lane highways 
this influence on capacity is more severe. 


In the years just prior to 1946 the national’ 


fatality rate was about 12.0 deaths per 100 
million vehicle-miles of travel. In January 
1946, the rate was 12.4. The President’s 
Highway Safety Conference was called in 
May 1946, and, notwithstanding the bad rec- 
ord of the first 3 months of that year, the up- 
ward trend was halted and turned abruptly 
downward so effectively that the year ended 
with a rate of 9.8. The wholehearted support, 
and the devoted interest and efforts of organ- 
izations, officials, and the public in putting 
into effect the: Action Program developed 
through the Conference, are mainly responsible 
for the reduction in the fatality record to the 
estimated rate for 1948 of 7.8 per 100 million 
vehicle-miles. As this rate is lowered we must 
expect to reach a critical point at which a con- 
tinuing decrease will prove impossible through 
education, enforcement, and the other means 
which have been responsible for the splendid 
record made since May 1946. 

In addition there must be the reduction, 
through the general use of higher standards 
of highway design, of the current fantastically 
high accident potentials. The astronomical 
number of accidents that do not happen is 
terrifying. As traffic volume increases, the 
accident possibilities—that is, the pressures 
for accidents—build up in geometric ratio. 
The accident potentials can only be reduced 
with certainty by reducing the possible con- 
flicts of traffic units. 

We know that major reductions in the fatal- 
ity rate can be made by providing properly 
designed, modern highway facilities, as is 
evidenced by the record of highways on which 
the accident potentials are greatly reduced. 
The following highways carry large volumes 
of traffic but have fatality rates as low as one- 
fifth to one-third of the national average 
because of the controlled-access design in 
which conflicts of all kinds—cross traffic, 
pedestrians, and traffic entering along the 
roadsides—have been materially reduced or 
eliminated: 


Death rate per 100 
million vehicle-miles 


Merritt and Wilbur Cross Park- 


WEtE (1O0G) 8 ode et ce 2.5 
Chicago Outer Drive (1946)____ 2.9 
Riverside Drive, California 

I tte ca ae chances 3. 0 
Arroyo Seco Parkway (1941-— 
| Mia can cknciva nuns 3.9 
Metropolitan New York Park- 

way System (1938-48) - -- --- 2. 5 
Pentagon network, Washington, 

D.C, (1942-48)... 2. ho 


The Pentagon network is composed of 17 
miles of one-way through roads, 7.7 miles of 
one-way connecting ramps, and 2.3 miles of 
two-way local service roads—a total of 27 
miles—on which travel for the period of 
slightly more than 6 years since its construc- 
tion is estimated at 337,500,000 vehicle-miles. 
Five persons, three of whom were pedestrians, 
have been killed during this period. Further 


reference will be made to the observations of 
driver behavior on the roads of this system. 

Under the inspired, at times militant, leader- 
ship of Mr. Robert Moses, the Metropolitan 
New York Parkway System has set an example 
of highways designed on a scale commensurate 
with traffic requirements of reasonable speed 
with safety. The system, steadily expanding, 
now consists of 164 miles of multilane road- 
way, much of which is divided. The obstacles 
which have been met are somewhat indicated 
by the required 208 bridges. There are two 
details of design, which cannot be over-com- 
mended, that have been or are being put into 
practice as safety measures. One is the instal- 
lation of center curbs on the earlier undivided 
parkways: these have successfully eliminated 
the deadly head-on collisions. The other is 
the installation of paving blocks to support 
heavy vehicles on the shoulders when disabled. 

The Action Program of the President’s 
Highway Safety Conference lays great and 
proper stress upon the acceptance of individual 
responsibility for safety on the highways. 
Educators are increasingly stressing the impor- 
tance of “‘true personal participation” in con- 
trast to activity unrelated to the subject of 
study. Contrariness and individualism in 
respect to a desirable course of conduct dis- 
appear once the individual accepts his respon- 
sibility for safety of himself and others on the 
highway. 

The responsibility of the individual toward 
the public to preserve highway safety should 
be activated by school instruction, town meet- 
ings, community forums, local coordinating 
and action committees, support by the press, 
discussion groups—all of which are calculated 
to impress the individual with his responsi- 
bility to the public and in this way mold or 
remold the habits and attitudes relating to 
safety on the highways. 

When these approaches to the problem of 
accidents have been used, there still remains 
the very pertinent query, ‘‘What is the proper 
attitude of the public toward the driver?” 
Basically, the individual driver has his limita- 
tions of habits, of capabilities, and the handi- 
caps of his own perception and reaction times. 
Each driver in a stream of traffic loses his free- 
dom of action in a high degree, and is circum- 
scribed by the actions of others. His per- 
formance is limited by, and becomes part of, 
the traffic flow, which is a composite of the re- 
actions of a multitude of drivers. Thus the 
responsibility of the public to the individual 
driver is, first, to determine the characteristics 
of traffic flow lines, and second, in harmony 
with this knowledge, to provide the facilities 


Table 2.—Effect of commercial vehicles on 
practical capacities of multilane highways 





Percentage of passen- 
ger-car capacity on 
flat terrain 


Proportion 
of commer- 
cial vehicles 











to total 
traffic Flat ter- | Rolling 
rain terrain 
Percent Percent Percent 
None 100 100 
10 91 77 
20 83 63 
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for safe use. The dynamics of these speeding 
streams of traffic most directly influence the 
design features which we term geometric. 
These are alinement, profile, plan of inter- 
section, clearances, horizontal dimensions of 
the highway cross section, and the many 
details which we group under the general term 
of highway design. 


PRINCIPAL HAZARDS OF THE DESIGN 
CHARACTERISTICS OF EXISTING 
HIGHWAYS 


The outstanding hazard of our streets and 
highways is undercapacity for the traffic load. 
Nearly half of the rural highways carrying 
1,000 vehicles per day and over are less than 
20 feet in width. On each mile of such high- 
way, over 60 times per hour, or once each 
minute, a vehicle is encroaching upon the left 
lane when meeting an oncoming vehicle. 
Expanding these figures to the many miles of 
rural highways in this country, the accident 
potential reaches unrealized dimensions. The 
length of time that a vehicle in passing another 
vehicle occupies the lane used by the oncom- 
ing traffic, depends upon the width of pave- 
ment. On an 18-foot pavement vehicles 
occupying the left lane require 43 percent 
longer in passing than on pavements 24 feet 
wide. The pavement of the lesser width is 
not only more hazardous, but provides only 
70 percent of the capacity of the 24-foot 
pavement. 

Adequate shoulders are necessary to the 
efficiency of motor-vehicle operation. They 
are effective in increasing the traffic capacity 
of the highway, since bituminous-treated 
shoulders 4 feet or more in width adjacent to 
18- and 20-foot pavements, as compared with 
grass or gravel shoulders, increase the effective 
surface width approximately 2 feet. Increas- 
ing the effective pavement width results in 
fewer vehicles encroaching upon the left lane 
of traffic, and thus increases the traffic- 
carrying capacity of the highway. 

Shoulders also play a very important role 
in accident prevention in both rural and sub- 
urban areas where pedestrians are involved. 
In 1947, 25 percent of ‘all rural pedestrian 
fatalities occurred while pedestrians were 
walking on the roadway. Were adequate 
shoulders available of the character necessary 
to provide usable footpaths, many lives would 
be saved. 

To gain the advantage of adequate shoul- 
ders, there should be no vertical obstructions 
such as retaining walls, bridge trusses, utility 
poles, guard rails, parked vehicles, or other 
objects near the traveled way. Obstacles at 
the edge of a 10-foot lane cause vehicles to 
travel 2.6 feet farther from the edge of the 
pavement than when the obstacles are not 
present. Even for lanes 12 feet wide the 
same positioning of obstacles causes vehicles 
to travel 1.8 feet farther from the pavement 
edge. Obstacles 4 feet or more from the 
pavement edge have only minor effect. The 
roadside obstaeles, therefore, have the effect 
of reducing the pavement width. 

Adequate width of shoulder and a suitable 
surface for parked vehicles are necessary for 
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Table 3.—Average spacing 


between vehicles following other vehicles closely in 


lane at the same speed ' 























} Four-lane divided highways 
Two-lane highways | 
Distance Left lane Right lane 
Speed of travel 
per second ; ] : ] 
Distance | Time |.Distance | Time Distance Time 
spacing spacing spacing | spacing spacing spacing 
| | 
M. p.h Ft./sec. Feet | Seconds Feet Seconds Feet Seconds 
10 14.7 wy ') ee bccn 2 bee CR ee ee ee oe 
20 29.3 42 | CX i eS ete Sen ab Ee ee eee 
30 44.0 62 | 1.41 60 1.36 80 1.82 
40 58.7 90 1. 53 77 1.31 105 1.79 
50 73.4 122 1. 66 107 1. 46 130 1.77 
60 88.0 162 1. 84 139 1. 58 156 1.77 














1 Spacing measured from the rear bumper of one car to the front bumper of the following car. 


every highway regardless of its width. On 
the Merritt Parkway in Connecticut, two- 
thirds of the fatalities resulting from collisions 
between vehicles have involved a parked ve- 
hicle on the roadway. The German Auto- 
bahnen were built with divided paved road- 
ways, each 29.25 feet in width, thus providing 
capacity greatly in excess of normal require- 
ments. The shoulder width was 1 meter. 
In 1938, after a very few years of use of a 
limited mileage, Inspector-General Dr. Fritz 
Todt, the official in charge, stated that the 
decision had been made to add wider shoulders 
because of numerous accidents caused by ve- 
hicles standing on the pavements. This ex- 
perience is compelling in establishing proof of 
the danger inherent in the vehicle parked on 
the roadway. Every other element which we 
rate as contributory was absent, and the 
standing vehicle per se was the cause of the 
accidents. 

Where sight distances on two-lane roads are 
so short that passing would be hazardous, it 
is customary to stripe no-passing zones. 
Observations were made on a 3,400-foot length 
of highway, of which about one-fourth was 
marked “no passing” by reason of sight dis- 
tances below 400 feet. Of the total number 
of passings made within this 3,400-foot 
length, more than 10 percent were started or 
completed in the restricted zone. On roads 
where no-passing restrictions comprise as 
much as 40 percent of their length, the volume 
of traffic that can be satisfactorily and safely 
accommodated is only about 80 percent of 
that which can be carried on a similar highway 
free from sight distance restrictions. 

The road margin is the critical line of hazard 
on many of our existing highways. Recog- 
nition of this situation appears in a project 
just initiated in Michigan, in which a study of 
the locale of accidents with respect to taverns, 
gas stations, restaurants, and other roadside 
establishments is to supplement the more 
conventional facts analyzed in studies of 
traffic accidents. The unrestricted use of the 
road margin for entrance and exit at such 
locations causes driver confusion, disorderly 
parking, and other operating hazards. The 
growth in the number and popularity of out- 
door drive-in theaters is but a single example 
of the commercial exploitation of the road- 
side. The safety of motoring audiences, as 
they enter or leave these establishments in 
large numbers, has become a necessary con- 


cern of highway authorities because of the 
effect on operating conditions on the adjoining 
highways. The most difficult obstacles the 
highway engineer faces in his effort to build 
safety into the highways are the lack of legal 
authority and effective legal machinery pro- 
vided to acquire sufficient right-of-way and to 
control the entrance to the public highway 
from abutting property. 

A characteristic serious fault of drivers is 
that of following too closely a car traveling 
in the same lane. - The speed and the interval 
between the cars do not permit adequate per- 
ception and reaction time for the rear car to 
stop if the car ahead is brought to an unex- 
pected halt. This type of accident has the 
potentials of a whole series of accidents, of tying 
up traffic, of causing much property damage, 
and sometimes serious or fatal accidents. 
The grave implications of this very common 
practice are indicated in table 3. The per- 
ception and reaction times vary with individ- 
uals, but a safe assumption would hardly be 
less than 1.5 seconds. ‘Tests of drivers have 
shown that the minimum reasonable reaction 
time alone is three-fourths of a second. 

The average time spacing between vehicles 
following at the same speed, for all speeds 
and for both two- and four-lane roads, is 
1.58 seconds; 16.2 percent of the traffic will 
have a time spacing of 0.75 seconds or about 
one-half the average. 


THE COMPONENTS OF ROAD DESIGN 
FOR SAFE OPERATION, AS INDICAT- 
ED BY DRIVER BEHAVIOR 


Alinement 


The alinement must be adjusted to the 
volume and type of traffic, the driving char- 
acteristics of the operators, and the dynamic 
effects of the mass movement. The alinement 
selected, whether the highway be two, four, or 
more lanes wide, determines how effectively 
and safely the completed facility will meet the 
demands of traffic. Sight distances between 
1,500 and 2,000 feet long are essential on any 
rural two-lane highway. The percentage of the 
length where sight distances of this magnitude 
should be available will depend on the volume 
and type of traffic which the highway must 
accommodate. On our main highways carrying 
high-speed through traffic, a sight distance of 
at least 1,500 feet should be available on 4 
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The need for wide shoulders is evident here. 


minimum of 60 percent of the route length if 
the highway is to accommodate peak traffic 
volumes as high as 500 vehicles per hour with 
safety. If it is unavoidable to introduce curva- 
ture which restricts the sight distance, it is 
essential to select an alinement free from sud- 
den changes that come as a surprise to the 
operator. Curves at the ends of long tangents 
are definitely more hazardous than the same 
curves located where the general alinement is 
made up of a series of curves. 


Practical Working Capacities 


Accidents are inevitable on overloaded 
highways. Safe highways must have sufficient 
capacity to permit drivers to operate at reason- 
able speeds. On main rural highways drivers 
generally accept, as reasonable, average run- 
ning speeds of 45 to 50 miles per hour during 
the peak volumes. On urban expressways, a 
speed of 30 to 35 miles per hour during peak 
traffic volumes is reasonable. 

The working capacities for modern rural 
roads in terms of passenger cars per lane are 
450 per hour for a two-lane road, and 1,000 per 
hour for the lanes in the direction of heavier 
travel on multilane roads. At these traffic 
volumes, under ideal roadway conditions, the 
drivers who so desire can safely travel at a 
speed of 45 to 50 miles per hour on rural roads, 
although the average speed of all vehicles at 
any given point will be about 42 miles per hour 
as compared to an average speed of about 48 
miles per hour during low traffic densities. 

In urban areas the maximum practical 
working capacity for a modern multilane 
expressway is 1,500 passenger cars per hour for 
each lane in the direction of heavier travel. 
At this volume, drivers who so desire can 
safely average 35 to 40 miles per hour, and 
the average speed of all vehicles will be be- 
tween 30 and 35 miles per hour. At this work- 
ing point, unusually high volumes that occur 
frequently for short periods can be handled 
without complete congestion. 


Lane Widths 


The lane widths used for the design of our 
highways must be based on vehicles in motion; 
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not on the actual size of the vehicles standing 
still. Most of our main highways have 
sufficient traffic of commercial vehicles to 
require 12-foot lanes for safe operating con- 
ditions. Eleven-foot lanes must only be con- 
sidered for highways carrying less than 1,000 
vehicles per day. The reduction in capacity 
by narrowing lanes is not only unsafe; it is 
definitely uneconomical—the cost of the addi- 
tional width is less than the proportional 
increase in capacity. The effect of lane 
width on capacity is shown in table 4. 


Two-Lane Highway Limitations 


The. accident experience on two-lane high- 
ways shows that the death rate per million 
vehicle-miles increases with an increase in the 
traffic volume. Operating conditions on the 
average two-lane highway are not satisfactory 
when traffic volumes exceed 4,000 vehicles per 
day in flat terrain, or 3,300 vehicles per day in 
rolling terrain. It is only for extremely low 
daily traffic volumes that a two-lane highway 
can safely accommodate a vehicle traveling 
over 60 miles per hour, regardless of excellent 
alinement. Design speeds that exceed 60 
miles per hour, to provide safe operating 
conditions, require four-lane divided highways 
if the volume exceeds 3,000 vehicles per day. 
On free-flowing highways where the higher 
speeds are safer, this very fact automatically 
lowers the top range by permitting a constant 
rate which satisfies most drivers. The average 
actual rate for two-lane highways of modern 
superior design is about 48 miles per hour. 

There is confusion of the terms “‘overload”’ 
and “congestion.” Congestion approaching 
stagnation may lower the frequency of serious 
accidents, but at the same time it defeats the 
utility of highway transport. Any concept 
that congested highways are safer completely 
overlooks the fact that each route has its own 
characteristic pattern of daily use. It may 
have an hour or a fraction of an hour of 
congestion once or twice daily, at peak traffic 
periods. These periods of congestion causing 
stagnation or incipient stagnation may be 
productive of numerous but not fatal acci- 
dents. The remainder of each 24 hours 


constitutes 90 to 95 percent of the time, 
during which there are much longer periods 
when the route is overloaded and a breeder of 
accidents. 


Multilane Highways 


Multilane highways of the divided type will 
accommodate three to six times as many vehi- 
cles per lane as a two-lane highway, and pro- 
vide greater safety. For average conditions, 
the width should be increased from four to 
six lanes when the volume exceeds 18,000 
vehicles per day in rural areas, or 32,000 
vehicles per day in urban areas. In certain 
areas of the country where seasonal, daily, 
and hourly fluctuations in traffic flow vary 
from the average condition, the practical 
capacity of a four-lane divided highway 
might be as much as 30 percent higher or lower 
than the above volumes. 


Shoulders are Essential 


Shoulders that will accommodate disabled 
vehicles and that may be used by moving 
vehicles in cases of emergency, during any 
weather conditions, are essential for safety on 
main highways. Adequate shoulders are also 
essential to realize the full capacity of the 
surface width. Without adequate shoulders, 
one disabled vehicle can reduce the capacity of 
both two-lane and multilane highways during 
peak periods by as much as 60 percent. There 
is at least one disabled vehicle for every 20,000 
vehicle-miles of travel on our main highways.? 
Furthermore, adequate shoulders increase the 
effective surface width for traffic when no 
disabled vehicle is present. Without a place 
of refuge outside the traffic lanes, one dis- 
abled vehicle can reduce the capacity of a 
highway by more than one lane, especially if 
the lanes are less than 12 feet wide. 

The disabled vehicle blocks one lane and 
reduces the capacity of adjoining lanes by 
restricting vehicle speeds. It may block all 
lanes in one direction, completely stopping 
traffic in that direction. The maximum 
capacity of a traffic lane with vehicles moving 
at 20 miles per hour is only 87 percent of its 
capacity at 30 miles per hour; at 10 miles per 
hour, only about 50 percent. A minor acci- 
dent which causes a reduction in speed can 
result in complete congestion when a facility 
is operating near its capacity. 


Table 4.—Effect of lane width on capacity 

















Percentage of 12-foot lane 
capacity 
Two-lane rural Multilane 
Lane roads express- 
width ways at 
At pos- At prac- = 
sible capaci-|tical capaci- : 
tins | ties capacities 
Feet | Percent Percent Percent 
12 100 100 100 
11 we os 86 97 
10 81 77 91 
9 76 70 81 

















2 On the Oakland Bay Bridge, for example, during the peak 
hour when 6,700 vehicles use the 6-mile structure, an average 
of two vehicle break-downs can be expected,which will seriously 
affect the traffic capacity of the bridge. 
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Curbs and Lateral Clearances 


Any vertical member adjacent to a roadway 
constitutes a safety hazard and is an obstruc- 
tion to the free movement of traffic, unless it is 
6 feet removed from the pavement edge. 
High vertical curbs of the so-called non- 
mountable type fall within this category, and 
when required they should be 6 feet removed 
from the traveled way in order to have no 
effect on traffic. If they are 3 or 4 feet away, 
however, their effect will not be critical. A 
low sloping curb may be used adjacent to the 
roadway surface in conjunction with a high 
curb further removed. 


Drainage 


The provision of side ditches, gutters, and 
drainage structures, sufficient to prevent mud 
and debris from washing onto or collecting on 
the roadway surface during storms, is a 
necessary safety measure. Such foreign mate- 
rials constitute hazards in themselves by 
creating slippery pavement conditions; but of 
greater importance is the hazard created by 
drivers who, in attempting to avoid such 
materials, bring their vehicles into the paths 
of other vehicles. In the colder regions the 
formation of ice on pavements as a result of 
water collecting in poorly drained places 
presents a serious safety problem. 


Highway Intersections 


To provide safe operation at intersections, 
on rural through roads carrying an average 
traffic of 5,000 vehicles per day and.over, the 
grades should preferably be separated at 
intersections with other major roads. 

Chief among the reasons for safety violations 
at intersections is congestion. The driver 
whose patience is exhausted is here the dan- 
gerous operator. Aside from relief of con- 
gestion, there are a number of measures that 
aid in minimizing hazards at intersections. 
Among these measures the following rank 
high: 

1. Corner sight distances consistent with 
the operating speeds of traffic, with due con- 
sideration of the method of traffic control 
employed. 

2. Safety islands for pedestrians at busy 
intersections where streets are wide and 
pedestrian traffic is heavy. 

3. Separated turning lanes, especially on 
high-speed or moderately high-speed divided 
highways, to enable turning vehicles to 
decelerate and stop, if necessary, clear of the 
lanes used by through traffic. 


Railroad Grade Crossings 


All main-line railroad grade crossings of 
highways which carry substantial traffic flows 
should be separated. Because of the cost and 
the pressures for other highway improvements, 
the elimination of crossing hazards by con- 
struction of separation structures will be de- 
layed at many locations. Consequently, 
grade-crossing protection should proceed rap- 
idly. Particularly effective are the installa- 
tions of the short-arm automatic gates. These 
have some obvious maintenance and cost ad- 
vantages over the long-arm gate installations, 
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An accident a mile away resulted in this 
concentration of traffic. 


and provide a barrier which experience has 
proven adequate. Though the combined 
short-arm gate and flashing signal installation 
is somewhat more expensive than that of the 
flashing signal alone, this type should be uni- 
formly used for all main-line crossings at 
grade, regardless of the number of tracks. 
This position is reflected in the present policies 
of the Public Roads Administration. 


Loading Recesses 


The destined function of practically all of 
our highway mileage, both new and old, is to 
provide service to all classes of traffic. The 
peculiar needs of commercial and mass-transit 
vehicles, not only in their steady flow move- 
ments but also at their terminals, transfer 
points, and roadside stops, require attention 
in shaping the physical features of the road- 
way. The frequent stopping of transit or 
commercial vehicles in the moving traffic 
stream is a serious traffic hazard. Wherever 
possible, and in all instances on new highways 
designed as routes for mass transit, proper 
facilities should be provided off the through 
lanes for transit-vehicle passenger loading 
and unloading. These roadways should be 
designed to expedite movements of the transit 
vehicle as well as those of the more numerous 
private passenger car. 

Through the provision of more attractive 
and convenient mass transportation, there is 
the possibility of shrinking our urban traffic 
problems to more moderate limits. Efficiently 
designed off-street loading bays and terminals 
for trucks serve a similar purpose, particularly 
in the central core of our cities where street 
space is wholly inadequate for the moving 
traffic. 


Uniform Signs and Signals 


Traffic-control devices, though relatively 
inexpensive accessories to street and highway 
design, are significant aids to safe highway 
operation. Well designed and located high- 
way signs, signals, and markings eliminate or 
relieve many of the elements of surprise that 
characterize certain combinations of design 
and traffic-operation features. The planning 
of new highway facilities should always be ac- 
companied by thought as to the traffic control, 
to hold restrictive measures to a minimum. 
Such preliminary considerations also offer 
certain correlative benefits in the joint plan- 
ning of design and control elements on the 


new facility. The control will thus be tailored 
into the design at the most appropriate stage, 
and not left for piecemeal application after 
completion of the construction. The Manual 
on Uniform Traffic Control Devices should be 
rigorously followed. The manual has become 
the single legal standard for use on all Federal- 
aid projects. 


Speed Control 


Reasonable speed is a necessary element of 
efficient highway transportation, yet speed is 
so frequently pointed to as a traffic accident 
cause that the dictum has wide. acceptance 
that traffic accidents and higher speeds go 
hand in hand, and that there can be no one 
facility that possesses the characteristics of 
speed and safety. Numerous attempts to re- 
late speed and accidents have had but meager 
success. Speed definitely increases the sever- 
ity of accidents, and it has been demonstrated 
from studies in New York, New Jersey, and 
Connecticut that fast drivers are guilty of 
more traffic violations and are involved in 
more accidents than those who operate at 
more moderate speeds. But we also find that 
our modern highways with excellent safety 
records are accommodating traffic speeds def- 
initely above those found on routes of inferior 
design. 

The answer is certain. The newer facilities 
have been purposely planned to meet the 
higher speed demand, and are distinguished 
by uniformity in those design features that 
relate to safe accommodation of faster-moving 
traffic. 

Safe vehicle speeds thus depend in large 
measure on characteristics of the roadway. 
With approximately 400 billion vehicle-miles 
of travel annually, it can hardly be expected 
that police activity on speed-law enforcement 
will be effective for more than a small frac- 
tion of this total. Speed controls, where 
applied, must be adapted to the circumstances. 
On our highway systems, both urban and 
rural, there is a wide range of ability to ac- 
commodate speed. This is true not only for 
the nation but for any State, or for any appre- 
ciable length of highway within a given State. 

Thus, the establishment of a uniform legal 
speed limit for rural and urban areas is not a 
solution. Such a policy is unsound. A limit 
set at the maximum safe speed for the poorest 
section of highway is obviously an invitation 
to disregard the law. As shown in table 4, 
37 of the States now exercise the authority to 
post speed limits differing from the speed that 
has been set as a general maximum. The 


Table 5.—State-wide speed limits and speed 
zoning authority 

















| | States with 
Rural State-wide Number of | rural speed 
speed limit States | zoning 
| authority 
| 
al oo 14 10 
60 m. p. h_- 8 | 8 
55 m. p. h-- 7 7 
ty Ee eee 10 4 
ae ae 4 3 
i’ S ees 2 0 
(| > eee 2 2 
_ > See 1 0 
| 48 37 
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Table 6.—Suggested zone speeds for safe 
operation on curves 








Degree of | Radius of | Suggested 
curvature | curvature jzone speed! 
Feet M. p.h. 
; ee 1,910 60 
, aaa 1, 433 53 
| Te 1, 146 48 
eS 955 43 
| LOEB E 819 40 
Seeecas 717 37 
ee 637 35 
:, Sees. 574 33 
Sear 522 32 
SES 478 31 
, Sa 442 30 
ss 410 

















1 Before zoning speeds are posted the curves should be 
tested by competent observers to determine the safe speed for 
the particular conditions. 


rural State-wide daytime limits range from 
25 miles per hour in 1 State to no limit in 14 
States. Of the 29 States having general 
limits above 50 miles per hour, all but four 
are using the device of zoning to encourage 
judicious use of the highway with respect to 
speed. Much more needs to be known about 
the principles of successful zoning, but suffi- 
cient study has been given to determine that 
the signing must be realistic and possess con- 
siderable self-enforcing value. The estab- 
lishment of frequent, unwarrantedly low 
limits breaks respect for the entire zoning 
device, which is reflected in abuses of other 
essential. traffic regulatory measures. Sug- 
gested zone speeds for safe operation on curves 
are shown in table 6. 


Efficient Operating Grades 
for Trucks 


Table 7 shows the distance that light- 
powered trucks with gross weights of 30,000 
pounds, and medium-powered trucks with 
gross weights of 40,000 pounds, can go up 
various grades before their speeds are lowered 
to 30 miles per hour. Medium-powered 
trucks with gross weights of 40,000 pounds 
will probably not occur with sufficient 
frequency on most of our main rural highways 
to justify basing the road design on these 
vehicles alone. Light-powered trucks with 
gross weights of 30,000 pounds, however, will 
oceur with sufficient frequency on most main 
highways to affect seriously the operation of 
passenger vehicles on the highway unless they 
are considered when selecting the alinement 
and other design features of the road. It will 
be noted that the length of grade that reduces 
the speed to 30 miles per hour is approximately 
the same for the light-powered trucks with the 
gross weights of 30,000 pounds as for the 
medium-powered trucks with gross weights 
of 40,000 pounds. 

A third lane on the uphill side will prevent 
the slow-moving trucks from unduly interfer- 
ing with other traffic if the third lane is 
Started at the proper distance from the 
bottom of the grade, as shown in table 7. In 
certain types of terrain, however, especially 
where the road is located on the side of a steep 
hill or mountain, it may be impractical to 
provide an additional lane. Since the problem 
must be met on main routes, there are the 
alternatives of improved alinement for routes 
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_anathemas of other drivers 


of light travel, or the addition of a new 
one-way, two-lane roadway on a separate 
location. In the latter case the old plus the 
new roadway would provide two lanes in 
each direction. 

Far too little attention is given the fact that 
farm production is moving to the markets and 
to the railroads in trucks. In a constantly 
increasing degree the secondary or farm-to- 
market roads must be designed for truck 
operation; and efficient, safe operation re- 
quires low gradients. The lowest unit-cost 
item in road construction today is earth 
excavation, and there is no teasonable excuse 
to neglect the economy that will accrue to the 
farms by vequiring additional excavation in 
designing farm-to-market roads, to provide 
low grades and good alinement. 

From the angle of safety only, the most 
serious result of grades is the restricted sight 
distance at the crest, or of the erroneous 
design policy, quite generally practiced, of 
introducing short sight distance curves to 
lower the percentage of gradient. 


The Less-than-Traffic-Speed Driver 


On week ends and holidays the most fervent 
are directed 
toward the driver who fails to maintain the 
average traffic speed. This attitude mistakes 
the effect for the cause. The collection of a 
queue of cars with frustrated drivers behind a 
car moving slower than the average traffic 
speed is a sure indication of an overloaded 
highway. The same conditions apply as in the 
case of the slow-moving truck. The fault 
is the highway, not the slow driver. Too 
narrow traffic lanes and too restricted sight 
distances are the most common defects. The 
slow driver is not likely to disappear from the 
roads; the remedy lies in eliminating his 
accident potential by improved road design. 


Capacities of Express Highways 


At the present time our main highways 
carry about 20 percent commercial traffic. 
During peak hours, however, commercial ve- 
hicles are generally in the neighborhood of 10 
percent of the total traffic. In rural areas, 
two-thirds of the traffic is generally in one 
direction during the peak hours. In urban 


Table 7.—Distance from bottom of grade at 
which truck speed would be reduced to 
30 miles per hour ! 











Light-powered | Medium-pow- 
trucks with gross ered trucks with 
weights of 30,000 gross weights of 
pounds 40,000 pounds 

Grade 

Distance Distance 
from Vertical from Vertical 

bottom of | climb bottom of climb 
grade grade 

Percent Feet Feet Feet Feet 
Biacus 2, 000 40 1, 780 36 
1, 090 33 1, 035 31 
= .; 760 30 740 30 
| = 570 29 550 28 
_ es 470 28 450 27 
. Se 400 28 390 27 
ee 325 26 320 26 























1 Assuming an approach speed of 40 miles per hour. Bad 
alinement, weak and narrow bridges, or other hazardous 
conditions at the bottom of the grade would make these 
speeds unsafe. 


Table 8.—Hourly and annual average 24- 
hour design capacities for express high- 
ways ! 





Annual average 
24-hour design 
capacities 2 


Hourly design 
capacities 


Type of area and 
terrain 





2-lane | 4-lane | 2-lane| 4-lane 
high- | high- | high- | high- 
way | way | way way 





Rural areas: 3 


Flat terrain 4____.. 600 | 2,800 | 4,000 | 18, 700 

Rolling terrain 5___| 500 | 2,500 | 3,300 | 16,700 
Urban areas: 6 

Flat terrain 4__-__. pees 4, 550 <8 38, 000 

Rolling terrain §__.| —-- 3,850} ... 32, 000 























. 1 Based on 10 percent commercial vehicles during peak 
ours. 

2 Based on a 30th highest hour of 15 percent of the annual 
average 24-hour traffic for rural areas, and a 30th highest 
hour of 12 percent of the annual average 24-hour traffic for 
urban areas. 

3 Based on two-thirds of the traffic in one direction and an 
operating speed of 50 m. p. h. 

4 Based on sight distance of at least 1,500 feet on 80 percent 
of the 2-lane highways. 

5 Based on sight distance of at least 1,500 feet on 60 percent 
of the 2-lane highways. 

6 Based on 60 percent of the traffic in one direction and an 
operating speed of 35-40 m. p. h. 


areas, the distribution by direction will gen- 
erally vary from two-thirds in one direction 
in the outlying areas to an equal distribution 
each way in the central business districts. It is 
generally not feasible to obtain a perfect aline- 
ment having no sight distance restrictions, on 
two-lane highways. Even in flat terrain it is 
difficult to obtain more than 80 or 90 percent 
of the road with a sight distance over 1,500 
feet, and in rolling terrain it is difficult to 
obtain more than 60 percent of the road with 
a sight distance over 1,500 feet. The total 
hourly capacities for two- and four-lane high- 
ways in rural and urban areas, for these aver- 
age conditions, are as shown in table 8. 

When relating the hourly design capacities 
to annual traffic volumes, fluctuation in traffic 
flow must be considered. Comprehensive 
studies of the fluctuation in traffic flow on rural 
highways show that the traffic density some- 
where between the thirtieth to the fiftieth 
highest hourly traffic volumes of the year 
should be selected for design purposes. On 
the average rural highway, the thirtieth 
highest hour of the year is about 15 percent of 
the annual average 24-hour traffic volume. 
In urban areas it averages about 12 percent 
of the annual average traffic volume. Table 
8 shows the annual average 24-hour traffic 
volumes that can be used for design purposes 
at locations where there is the average fluc- 
tuation in traffic flow. Values as much as 30 
percent higher or lower than these may be 
applicable to a specific location, depending on 
the seasonal, daily, and hourly fluctuation, 
and the distribution of peak-hour traffic by 
directions. 

A four-lane expressway of modern design, 
with controlled access, will accommodate as 
much traffic, at approximately twice the aver- 
age speed, as— 

1. Five ordinary city streets, each 40 
feet in width, with parking prohibited. 

2. Eight ordinary city streets, each 42 
feet wide, with parking on both sides. 

3. Five ordinary city streets, each 68 
feet wide, with parking on both sides. 
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4. About three ordinary city streets, 
each 68 feet wide, with parking pro- 
hibited. 

By “ordinary city streets’ is meant those 
that have the average amount of left-turning 
movements and pedestrian interference prev- 
alent in downtown areas. 


Brakes 


The hazardous conditions created by too 
short spacing between cars following in the 
same lane are emphasized by the studies of 
brake performance. Safe vehicle performance 
depends to a greater degree upon adequate, 
well-maintained brakes than upon any other 
single element of vehicle design. Likewise, 
the brakes betray most surely the failures and 
neglect of the driver or owner. Studies by 
the Public Roads Administration just before 
the war disclosed that over 40 percent of the 
passenger cars tested on the highway had ero 
pedal reserve, i. e., the pedal was flat on the 
floor board after an emergency stop from 20 
miles per hour. 

Brakes are a common alibi in many acci- 
dents; sometimes the true cause, but more 
often not. Ifthe brakes fail, the responsibility 
lies usually with the driver. He has not main- 
tained them properly. 

The widely distributed studies of brake 
performance show that the condition existing 
in 1942 was not a rosy one. It is probably 
worse today. Only 62 percent of the passenger 
cars, 18 percent of the two-axle trucks, and 3 
percent of the three-axle combination units 
could stop in 30 feet or less from a speed of 
20 miles per hour. 

There is abundant confirmation that the 
braking systems of passenger cars and espe- 
cially of commercial vehicles are too commonly 
poorly maintained or grossly inadequate. An 
analysis of the results indicates that this level 
of performance can be greatly improved. 
Passenger cars and two-axle trucks can be 
made to stop from 20 miles an hour in 30 feet 
or less. The combination units now on the 
road may not be able to do that well, con- 
sidering the lag that exists from the time that 
the pedal is touched until the brake shoes 
actually contact the drums. However, it is 
certain that with proper maintenance of well- 
designed braking systems, a much better 
showing can be expected. It is heartening, in 
this respect, to read that the Pennsylvania 
Motor Truck Association’s Engineering Sub- 
committee has been able to stop a 62,000- 
pound, two-axle tractor and tandem-axle 
semitrailer in an average distance of 27% feet, 
from 20 miles per hour. There is every indi- 
cation that the automotive engineers who 
cooperated in the tests have succeeded in 
reducing to a marked degree the inherent 
brake lag. 

The tests of vehicles as they are now oper- 
ating on the roads clearly show that the 
proper maintenance of brakes is not as yet 
being generally accomplished, and that a more 
stringent enforcement policy is necessary. 

The importance of brakes in relation to 
driver behavior is emphasized by the data in 
table 3, showing distance spacing and time 
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interval between cars traveling in the same 
lane. If the driver behind has instant per- 
ception time (which is impossible) and the 
average reaction time of three-fourths of a 
second, and if his speed is only 30 miles per 
hour, he has two-thirds of a second for his 
brake to stop his car if the car ahead stops 
suddenly. Under such typical circumstances, 
when an accident occurs do the driver’s brakes 
fail to work or does the driver fail to work 
the brakes? The answer is one major reason 
why insurance rates are going up. 


THE PARADOX OF DRIVER BEHAVIOR 


“‘We know so much about roads that is not 
so,” has long handicapped correct thinking. 
We do know now much of driver behavior 
that without positive proof we think could 
not be true. For example, the relationships 
of accident frequency and accident potentials 
with the details of highway design have been 
described. The accident rate on two-lane ru- 
ral highways carrying less than 1,000 vehicles 
per day is approximately half that on similar 
highways where the volume is in the range of 
8,000 or more vehicles per day. That is, on 
overloaded highways or underdesigned high- 
ways the accident rate increases with traffic 
volume. On such highways, we would logical- 
ly think drivers would become more careful. 
Paradoxically, driver behavior becomes worse 
as the road becomes more inadequate to carry 
safely the traffic volume. Under conditions 
where the driver should become more respon- 
sible he becomes less so. Contrariwise, evi- 
dence supports the conclusion that as the 
standard of design is raised, driver perform- 
ance becomes more responsible. This obser- 
vation of driver behavior undoubtedly reflects 
the ability of the average mind and nerves to 
function more safely if tension beyond neces- 
sary alertness is relieved and apprehension is 
absent. 

Here is the record of traffic operation that 
has emerged from the studies on the Pentagon 
network of roads over the past 6 years. The 
system was designed and built by Public 
Roads to serve an estimated population of 
50,000 office workers in the new defense 
establishments, all of which were transferred 
almost overnight across the Potomac River 
to a previously unoccupied area in Virginia. 
The problem was to move the major part of 
this population in and out daily by motor 
vehicle over the existing three Potomac River 
crossings—Key Bridge, Memorial Bridge, and 
Highway Bridge. 

Excluding the traffic over Memorial Bridge 
which uses Lee Boulevard, and other traffic 
which does not actually traverse a portion of 
the 17 miles of through routes, it is estimated 
that there are now 85,000 trips per day on the 
Pentagon system. Including the traffic on 
roads immediately tributary to the system, 
there are about 110,000 trips on these road- 
ways daily. This is a conservative figure, since 
the three bridges which the system serves are 
now carrying an average traffic of more than 
139,000 vehicles per day and a peak-month 
traffic of 149,500 vehicles per day. The 
system now produces about 67 million vehicle- 


miles of travel per year. In the 6-year period, 
five fatalities have resulted from this opera- 
tion, three of whom were pedestrians. Only 
one fatality was caused by a vehicle traveling 
at a relatively high rate of speed, leaving the 
road and overturning. For this 6-year period 
the accident rate was 1.5 fatalities per 100 
million vehicle-miles. In this experience lies 
the assurance of what can be accomplished 
through safe road design, but the record of 
driver behavior is the astonishing feature. 

During the war there was a speed limit of 
35 miles per hour on both the Pentagon net- 
work and on the Shirley Highway which ex- 
tends southward from it. The 35 m. p. h. 
speed signs were not removed until several 
months after the war. Prior to their removal, 
speed studies were conducted at several points 
on the network and on the Shirley Highway. 
These studies were repeated after changing 
the 35 m. p. h. signs to speed limit signs of 
40 m. p. h. on the network and 50 m. p. h. 
on the Shirley Highway. Changing the speed 
limit on the network from 35 to 40 m. p. h. 
had no effect on the average speed, but re- 
duced the number of vehicles traveling over 
50 m. p. h. by 11 percent and those going over 
40 m. p. h. by 20 percent. Changing the 
signs on the Shirley Highway from 35 to 50 
m. p. h. reduced the number of vehicles tcavel- 
ing over 50 m. p. h. by 32 percent. 

On the through routes of the Pentagon net- 
work, where there are no traffic police, no 
traffic-control lights, and no enforcement of 
the 40 m. p. h. posted speed limit, the average 
speed is 37.6 m. p. h., and 12 percent of the 
vehicles exceed 45 m. p. h. On nearby Lee 
Boulevard, where safe speeds are much lower 
and the posted speed limit of 35 m. p. h. is 
enforced by frequent patrolling by traffic 
police, the average speed during light traffic 
volumes is 37.8 m. p. h., with 11 percent of 
the vehicles exceeding 45 m. p. h. and 36 per- 
cent exceeding 40 m. p. h. Thus on the net- 
work, where drivers can legally maintain rea- 
sonable speeds at all times, they travel no 
faster without enforcement than they do on 
Lee Boulevard, where safe speeds are not as 
high and the normal enforcement is present. 
Furthermore, three times as high a percent- 
age of the drivers exceed a 5 m. p. h. tolerance 
of the posted limit on Lee Boulevard as on 
the Pentagon network. 

The present traffic volume on the network 
is 800 vehicles per hour per lane at locations 
where three lanes are available for movement 
in one direction. At the principal mixing 
lanes, a flow of 1,150 vehicles per lane occurs 
where four lanes aré available for one-direction 
movement. The principal mixing lanes are 
now loaded to their possible capacity at cer- 
tain peak periods. Other points on the net- 
work are loaded to approximately two-thirds 
of their practical safe capacities. All three of 
the Potomac River bridges are loaded beyond 
their practical, safe capacities, and at times 
the demand actually exceeds the possible 
capacity of the bridges with their present 
approaches. The condition will be relieved 
materially by the completion of the two four- 
lane, one-way bridges now under construction. 
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DESIRE LINES OF TRAVEL 


In harmony with the premise that roads 
must be designed on a basis of driver behavior 
is the relatively new technique of planning the 
system of arterial roads to serve the heavy 
flow lines of metropolitan areas on the basis of 
origin and destination surveys. These sur- 
yeys disclose the desire lines of major travel. 
The pattern which emerges is that of a wheel, 
usually somewhat distorted in shape, but es- 
sentially providing radial lines from the urban 
center which are joined by concentric circles 
at spaced distances from the center. The 
concept has the two major objectives of pro- 
viding free-flowing arterial routes in and out 
of the center, and of separating through, 
longer-distance traffic from local vehicle and 
pedestrian interferences. Also, such a plan 
will keep a high percentage of the total traffic 
out of the more congested center of the city. 
Driver behavior can be relied upon to exercise 
a high selectivity of route if the facilities pro- 
vide a choice. Under such circumstances the 
driver will choose the route that will give him 
the most direct access to his destination, but 
at the same time will give him the shortest 
distance of travel through the more congested 
downtown streets. 

The Pentagon system serves three bridges 
across the Potomac River, leading into the 
downtown streets of Washington. These 
bridges are interconnected by the system, and 
the driver from the Virginia suburban dis- 
tricts had, until the bridges became so con- 
gested as they are today, a choice among the 
bridges of that route which would require him 
to travel the least distance on, or would keep 
him off, the congested downtown city streets. 
The degree to which he accomplished this 
purpose without any imposed controls is 
amazing, as is shown by the data in table 9. 
The actual distribution is representative of 
the free choice of traffic between origins and 
destinations during a period when the traffic 
volumes were relatively low and there was not 
sufficient congestion on the bridges to alter 
the desired usage. 

A study of the origins and destinations of 
traffic using the three bridges indicates that 
the slight percentage differences between the 
shortest routes and the actual routes used 
probably resulted from traffic routing itself, 


Table 9.—Distribution of traffic on the 
Potomac River bridges 


























Actual 
distribution Calcu- 
lated 
- shortest- 
Bridge Sept. 1,| route 
Aug. 16,| 1943 to | distri- 
1944 | Aug.31,| bution! 
| 1944 
| 
: . Percent | Percent | Percent 
Highway Bridge-________. 41.8 42.6 40, 2 
Memorial Bridge---____- 33.0 31.5 32.7 
Key Bridge._.........__- 25. 2 | 25. 9 27.1 
a 100.0 | 100.0 | 100.0 





_! Assumed usage of shortest route between origin and des- 
tination. 


in its use of the three bridges, to the bridge 
that would permit the shortest travel distance 
on the Washington central city streets. 


HIGHWAY SYSTEM PLANNING 


Finally, this discussion is directed to the 
essentials of today’s program of highway im- 
provement. Since 1934—nearly one and one- 
half decades—the State-wide highway plan- 
ning surveys have been accumulating the 
facts of the amount and characteristics of the 
traffic use of our highways. State by State, 
undoubtedly more is known about the high- 
ways, their use, and their needs, than about 
any other major public undertaking. Until 
recently this wealth of material had not been 
generally analyzed and organized to serve 
its most important purpose as conceived when 
the surveys were started. In 1945 the Cali- 
fornia State Legislature, recognizing the need 
for a long-range highway improvement plan, 
established a study committee to organize 
the available material and to secure new data 
necessary to bring together a complete engi- 
neering and economic report. The completion 
of the report, the legislative recommenda- 
tions, the legislative debate, and the adoption 
of the major recommendations, are now a part 
of the State’s highway history. California 
has a well-rounded, long-term, modern high- 
way improvement program. With this suc- 
cessful guide, many other States have now in 
active operation legislative study committees, 
which, with the competent technical assistance 
of the Automotive Safety Foundation, are 
maturing long-range programs of comparable 





caliber. The planning is designed to serve 
both economic needs and safety of use. Since 
the future reduction in highway fatality toll, 
as has been shown, will depend so largely 
upon safer roads, no effort by the Foundation 
can result in a greater contribution to highway 
safety. 


There are also implications of vehicle de- 
sign that can be well heeded. For example, 
it is certain the driver needs to have a better 
sight of the right-hand edge of the road. 
Protective bumpers, front and rear, capable 
of absorbing shock, are needed in place of 
expensive grillage which is going to suffer 
more in the future than in the past. Roads 
cannot be designed to prevent accidents 
caused by drivers following too closely, which 
are likely to involve a series of cars. Also, is 
it not time to forget the emphasis on minor 
over-speeds of the decent driver and concen- 
trate on the driver who by his behavior creates 
accident hazards? The driver who passes in 
@ no-passing zone, who parks his vehicle on 
the pavement, and who crowds the other fel- 
low’s lane is a killer. Why not take him off 
the road? 


The purely routine speed checking is as 
futile and wasteful of enforcement officers’ 
time and ability as is their detail to check on 
overtime parking, both of which only result 
in congestion in the traffic courts on matters 
having a minimum relation to real traffic 
safety. We need the time of the traffic 
officers and of the courts to take the dangerous 
driver off the roads. Only a very small per- 
centage of drivers habitually disregard the 
rules of safe driving. 

This matter of driver behavior goes very 
deep. It involves a psychology that may 
well be inherent in a people who have been, 
and are capable of, building and running the 
outstanding democracy of the world. It is 
the essence of the spirit of freedom which 
revolts against unfair or unreasonable restric- 
tions but which is tempered in the large ma- 
jority to support of the public welfare. So 
it seems reasonable to accept the pattern 
established by the behavior of the decent 
majority and deny the freedom of the road 
to the violator of this pattern. Safety of the 
highways is, as democracy is, a matter of 
cooperation and coordination. 





For each 1,000 trucks and truck combina- 
tions, the number of axles weighing more than 
the recommended limit was 42 in the Pacific 
region, 146 in the Middle Atlantic region, and 
108 in the New England region. For truck 
combinations, corresponding figures are 114 for 
the Pacific region, 500 for the Middle Atlantic 
region, and 449 for the New England region. 
Eliminating the empty vehicles, there were in 
the Middle Atlantic and New England regions 
about two axle loads in excess of the recom- 
mended limit for each three loaded truck 
combinations. 

Table 14 shows the number of vehicles per 
1,000 vehicles of various types with an axle- 
group load in excess of the limits reeommended 
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(Continued from page 153. Tables 14 and 16 are on page 1565.) 


by the A. A. S. H. O., and in excess of these 
limits by various percentages. For the country 
as a whole, of each 1,000 loaded and empty 
trucks and truck combinations, 25 had axle- 
group loads weighing in excess of the recom- 
mended limits, 12 of which exceeded the 
limits by over 10 percent. It was the truck 
combinations rather than the _ single-unit 
trucks that produced the high load concentra- 
tions since of each 1,000 combinations, 89 had 
axle-group loads weighing more than the 
recommended limits, of which 46 exceeded the 
limits by more than 10 percent. 

Many -vehicles were so loaded, of course, 
that they exceeded more than one recom- 
mended weight limit; and some vehicles had 











several axle loads weighing more than the 
recommended limits. Counting each vehicle 
only once, regardless of the number of partic 
ulars‘in which it exceeded the recommended 
limits, table 15 shows the number of vehicles 
per 1,000 (both loaded and empty included) 
of each type that exceeded the limits by 
various percentages. Those vehicles which 
exceeded more than one provision of the 
recommended restrictions were tabulated in 
the column showing the highest percentage 
excess for any item. In the United States as 
a whole, 59 vehicles out of every 1,000 were 
overloaded to some degree and 15 out of every 
1,000 exceeded some one of the provisions by 
more than 20 percent. 
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The Effect of Tax Increases 
on Gasoline Consumption 


The possible effect of increases in State 
gasoline-tax rates on the use of highways 
has always been a matter of concern to high- 
way administrators and highway users. 
This article describes a study of the prob- 
lem, considering tax-rate changes and their 
effects on gasoline consumption and motor- 
vehicle travel during the period January 
1946-July 1948. 

From an analytical standpoint, one of the 
principal difficulties encountered was the 
fact that there were parallel and much 
greater increases in the sale price of gaso- 
line, excluding tax. The largest tax increase 
in any State in the 30-month period under 
study was 2 cents, while the smallest price 
increase was 3.5 cents. There were tax in- 
creases in only 12 States, but there were 
price increases in all States.. Considerable 
fluctuation in gasoline sales was caused by 
“stocking up” just prior to the effective 
date of tax increases, with a consequent re- 
duction in inventories immediately there- 
after, thus creating the impression that the 
tax increase had reduced the consumption 
of gasoline. 

It was found that consumption of gasoline 
in States where there were tax increases was 
similar in pattern to that in adjacent States 
where the tax was not increased. The in- 
creases in State gasoline tax rates, while 
causing substantial fluctuations in the sales 
of gasoline at the point at which it is taxed 
(the distributors, in most States), did not 
measurably affect net gasoline consump- 
tion. Sales price increases, since they 
received no advance publicity, had no 
apparent effect at all. 

It is reasonably clear that at present price, 
wage, and employment levels, the demand 
for gasoline is so inflexible that no price or 
tax increases within reasonable contempla- 
tion will increase the total price to the con- 
sumer to the point where it will measurably 
affect the demand for highway gasoline. 

From July 1, 1948, the close of the period 
covered by this study, to February 1, 1949, 
there were further net increases in the retail 
price of gasoline in 35 States, ranging from 
0.1 to 1.5 cents; and two decreases of 0.1 
and 0.2 cent. There were no increases in 
gasoline taxes. 


HE FLEXIBILITY of the demand for 
gasoline is a problem that has long con- 
cerned highway economists and highway ad- 
ministrators. Stated in its simplest terms, 
the question is ‘do changes in the cost of 
gasoline to the consumer affect the quantity 
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INCREASES IN GASOLINE PRICES EXCLUDING TAXES 


Figure 1.—Increases in State gasoline tax rates and in gasoline sale prices excluding 
taxes, January 1, 1946—July 1, 1948. 
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of gasoline used on the highway?” The ques- 
tion is particularly important at this time. 
Many States have found that their current 
revenues from gasoline taxes—the revenues 
that, in large part, determine their ability 
to build and maintain an adequate highway 
system—are insufficient to construct and 
maintain highways to modern service and 
safety standards. 

Since January 1, 1946, there have been 12 
increases in State gasoline tax rates. There 
has also been one decrease—a temporary 2- 
cent tax in Oklahoma expired on January 1, 
1947. The increases in State gasoline taxes 
are shown in table 1. 

The purpose of this study was to determine, 
if possible, whether these changes in State 
gasoline-tax rates have affected the consump- 
tion of gasoline on the highways. The study is 
based entirely on the 30-month period from 
January 1946, through June 1948, and the 
discussion covers that period unless otherwise 
specified. The gasoline consumption and 
traffic comparisons made are all for the 1947-— 
1946 and 1948-1947 relationships. Kansas and 
Virginia increased their tax rates from 3 to 4 
cents and from 5 to 6 cents, respectively, in 
1946, but since comparisons of relative changes 
in these two States would have necessitated 
use of 1945 data for periods in which gasoline 
rationing was still in effect, these two States 
were omitted from the study insofar as the 
effects of their 1946 gasoline-tax rate increases 
are concerned. The Louisiana tax rate in- 
creased from 7 to 9 cents per gallon on June 7, 
1948, but sufficient data are not yet available 
to permit a full evaluation of the effects of that 
change. It is felt, however, that this study, 
based on the 1947 and 1948 changes in State 
tax rates, has a sufficiently broad base to 
justify its conclusions. 

The principal difficulty encountered in this 
study was the fact that gasoline prices, exclud- 
ing tax, increased rather sharply during the 
period under study, and in all cases the price 
increases were more than twice the amount of 
the increases in the tax rate. 

In this article the word “price”, unless 
otherwise noted, means the observed retail 
price of “regular” grade gasoline, excluding the 
State tax. These prices were obtained for 
the District of Columbia and for the capital 
city of each State, except in Maryland and 
Oregon, for which Baltimore and Portland 
prices were used. Since gasoline prices fall 
within a relatively narrow range in any area, 
it is felt that these prices are fairly represen- 
tative. The gasoline consumption data used 
are from Public Roads analyses of motor-fuel 
consumption, which in turn are based on 
reports received from the State authorities. 
The traffic data were obtained from automatic 
traffic recorders located principally on rural 
roads in each State. Since the number of 
these recorders is limited, and comprehensive 
urban traffic information is not available, the 
data obtained from them for any one State 
must be considered as indicative rather than 
as an absolute measurement. The State-by- 


" State traffic figures were, however, sufficiently 


uniform and consistent with the gasoline con- 
sumption data to warrant their use in the 
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Table 1.—Increases in State gasoline taxes, 
January 1, 1946—July 1, 1948 





























Tax rate 
| : 
State Ola |N I "Vaun" 
New n- ‘ 

rate | rate |crease| 

} | 

Cents| Cents) Cents 
OT ea 3] 4 1 Mar. 1, 1946 
Virgie; =< ..-..- 5| 6 1 June 19, 1946 
Colorado-_-______- 4| 6 2 Apr. 1, 1947 
Vermont._._.__.- 4| 45 .5 | May 1,1947 
Rhode Island___- 3] 4 1 May 28, 1947 
7... k 4| 6 2 June 1, 1947 
California... ._- 3| 4.5] 1.56] July 1,1947 
Connecticut - - __- 3] 4 1 July 1, 1947 
Maryland--__-_-_- 4| 5 1 July 1.1947 

Dist. of Colum- 

| ee 3| 4 1 Aug. 1,1947 
Kentucky .-___-- 5| 7 2 Apr. 1, 1948 
Louisiana_-_____- 7| 9 2 June 7, 1948 








study. There is a probability that rural 
traffic in the period increased slightly more 
than urban traffic, but it does not appear that 
this could have been sufficient to make a 
significant difference in the findings. 


PRICE RISES EXCEEDED TAX 
INCREASES 


The January 1, 1946, price of regular gaso- 
line and the State tax rates in effect on that 
date are givenin table 2. This table shows the 
month-by-month changes in prices and taxes 
that took place between January 1, 1946, and 
July 1, 1948, and gives a summary of the 
cumulative amounts of those changes. The 
price increases in each case represent the 
increase in the reported price on the first day 
of the month over the reported price on the 
first day of the month preceding; thus, the 
increases shown for August are the amounts 
by which August 1 prices exceeded: July 1 
prices. The changes in tax rates are listed 
under the month in which they occurred, since 
the exact dates are known. 

There were two gasoline-tax rate changes 
in 1946—Kansas and Virginia each increased 
their tax rates 1 cent. Between July 1 and 
September 1 of the same year the gasoline 
prices in 36 States were increased the same 
amount or more, and between December 1, 
1947, and January 1, 1948, there was a sub- 
stantial price increase in every State. The 
smallest of these increases was 0.9 cent and 
the largest was 2.5 cents. The latter increase 
occurred in Iowa, and it is worth noting that 
it was attended by nowhere near the publicity 
that. had been accorded the increase of 1 cent 
in the State’s tax rate that occurred in 1945. 
In addition to the Iowa price increase of 2.5 
cents, there were price increases of 2 cents per 
gallon or more in 17 other States between 
November 1, 1947, and January 1, 1948. 
During the period in which most of the tax 
increases occurred—April 1 through July 1, 
1947—tthere were relatively few increases in 
the price of gasoline. This, of course, had a 
tendency to silhouette the tax changes and 
they received a considerable amount of 
unfavorable publicity. 

Figure 1 shows the increases in gasoline 
taxes and the price increases in the period 
under study. As may be seen in the upper 
map, there was no geographic concentration 
in the tax increases. It is worth mentioning, 





however, that beginning with Massachusetts, 
New York, and New Jersey, and continuing 
westward through the populous and highly 
developed North Central and Central States, 
the 3-cent and 4-cent taxes in that area 
remained lower than the rates generally in 
effect throughout other parts of the country. 
It is in this group of States that the greatest 
agitation for toll roads is found. The tre- 
mendous latent opposition to increases in the 
gasoline-tax rates in these States has probably 
contributed a great deal towards forcing the 
proponents of high-standard highways to turn 
to toll roads as the only alternative offering 
some chance of obtaining modern highways 
within a relatively short period of time. This 
rigidity in the gasoline-tax rates in the area is 
encouraging support for toll roads that would 
have approximately the same economic effect 
on the user as 15 to 19 cents per gallon gaso- 
line-tax rates on certain types of traffic. 

Although it can be observed from the upper 
map in figure 1 that there was no geographic 
significance to the increases in the State 
gasoline-tax rates, the lower map in the figure 
shows a remarkable concentration of the 
larger price increases beginning with the 
North Central States and continuing as far 
west as Idaho and southwest to New Mexico. 
In fact, the very large increases in the price of 
gasoline in many States exceeded, in total cost 
to the consumer, the combined price and tax 
increases in other States. In Oklahoma, 
where there was a decrease of 2 cents in the 
tax rate during the period, the price of gasoline 
increased 8 cents per gallon, resulting in a net 
increase in cost to the consumer of 6 cents per 
gallon. 


PRICE RISES GREATER WHERE TAX 


WAS UNCHANGED 


The difficulty of determining the effect of 
gasoline-tax increases was accentuated by the 
fact that the average price increases in the 
States in which there were also tax increases 
was 4.53 cents per gallon, whereas in the 
States where the tax remained the same 
throughout the period, the price of gasoline 
was increased an average of 5.61 cents per 
gallon. The more than _ 1-cent-per-gallon 
greater average increase in price in the States 
in which there were no tax increases imposed 
an additional burden on consumers that, in 
theory at least, would have the same restrain- 
ing effect as the tax increases, thus making it 
difficult to determine the economic effects of 
tax increases. The greater price increases in 
the States that did not have tax increases 
might possibly have been explained by eco- 
nomic factors in fields not explored during the 
study. However, available data and facili- 
ties made impractical an effort to isolate such 
factors. Furthermore, it did not seem that 
additional investigation on this point would 
make a material contribution toward the 
objective of determining whether State gaso- 
line-tax rates had affected highway gasoline 
consumption. 

Figure 2 shows for each State the total 
price and tax changes in the 30-month period. 
There was one decrease in tax rate and there 
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Figure 2.—Gasoline price and tax increases, January 1, 1946—July 1, 1948. 


were no decreases in price. The increases in 
tax rates ranged from 0.5 cent per gallon in 
Vermont to 2 cents per gallon in Colorado, 
Kentucky, Louisiana, and Maine; and the 
increases in price ranged from 3.4 cents per 
gallon in South Carolina and West Virginia to 
8.1 cents per gallon in Minnesota. 

Table 3 shows the relative changes in sales 
of gasoline for use on highways, and the 
changes in traffic, for the 2 months prior to 
the month in which the change in tax rate 
took place, the month in which the tax rate 
took effect, and the following 2 months. The 
figures given show the changes, in percent, of 
1947 sales and traffic compared to the same 
months of 1946 in all cases except for Kentucky 
and Louisiana. The. latter two States in- 
creased their taxes in 1948, and the compari- 
sons are therefore of 1948 data to those for 
1947. Louisiana is omitted from table 3 
beeause the tax change there was so recent 
that sufficient data were not available at the 
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time the study was made. The Rhode Island 
tax increase from 3 to 4 cents took effect 
May 28, and for practical purposes was 
treated in this study as if it had taken place 
in June. 

Within each group in table 3, the State in 
which the tax increase occurred is listed first, 
followed by adjoining States in which there 
were no changes in tax rates. One exception 
to this is the inclusion of Vermont for com- 
parison with Maine. There was a half-cent- 
per-gallon increase in the Vermont tax on 
May 1, 1947, but it was felt that this increase 
did not destroy the validity of the comparison 
since the Maine tax increase a month later 
was 2 cents per gallon. It was not expected 
that the half-cent increase in the Vermont 
tax would be reflected in gasoline sales, and 
the State therefore was not set out in a sepa- 
rate grouping; but the table does show a very 
noticeable fluctuation in Vermont highway 
gasoline sales. 


PUBLICITY ON TAX INCREASES 
INDUCES “LOADING UP”’ 


Although any economic effects of gasoline- 
tax increases, as well as price increases, must 
be continuing, it seemed a reasonable assump- 
tion at the time the study was undertaken 
that the impact of a tax increase, reflected in 
the increased cost to the consumer, would be 
distinguishable in the demand for gasoline at 
the time the tax was imposed. This seemed 
especially likely because of the very great pub- 
licity given to the tax increases. The signifi- 
eance of table 3 therefore lies more in the 
month-by-month figures than in the totals for 
the 5-month periods bracketing the tax in- 
creases. A very noticeable “loading up” 
can be observed. in the months prior to the tax 
increases, coupled with a reduction in inven- 
tories in the month of change and the succeed- 
ing month. Rhode Island appears to be an 
exception, but this probably was the result of 
a combination of factors: Gasoline sales in the 
same month of the prior year were abnormally 
low; Rhode Island is a small State whose high- 
ways carry a relatively high proportion of 
interstate traffic; and the tax rate before the 
increase was only 3 cents. Furthermore, it 
should be noted that Rhode Island traffic in 
the month in which the change took place was 
up 17.4 percent over the same month of the 
prior year, and in the month following was up 
more than 40 percent; but it is also possible 
that the traffic-recorder data in this instance 
did not accurately reflect actual changes in 
traffic. 

The gasoline tax is imposed on the “‘first 
sale’ in most States. Consequently, the taxed 
sales given in table 3 reflect any changes in 
distributors’, retailers’, and consumers’ in- 
ventories and do not necessarily reflect the 
month of the use of gasoline on the highways 
by the ultimate consumer. (The gasoline 
consumption data in table 4, however, have 
been adjusted to the month of consumption, 
and in this respect differ from those in table 3.) 

In most States the tax on gasoline applies to 
distributors’ in-shipments, and in the remain- 
ing States to distributors’ sales. The dates of 
tax increases are known in advance and there 
appears to be a strong tendency to utilize all 
storage capacity immediately prior to the tax 
increases. Although tax increases are fre- 
quently accompanied by “floor taxes,” im- 
posing the additional tax on inventories, these 
increased inventories reveal, to a degree, the 
hope of somehow avoiding the tax. Un- 
doubtedly this “loading up” takes place 
throughout the supply channels, including 
retail outlets, and probably includes a con- 
siderable amount of gasoline sold to consumers 
who purchase in bulk. In Maine, for in- 
stance, the May 1947, sales of gasoline for 
highway use exceeded those of May 1946, by 
28.3 percent, but gasoline sold in June, the 
month of the tax change, was 11.5 percent 
less than in the same month of 1946. Traffic, 
on the other hand, was 8 percent greater in 
May 1947, and 9.8 percent greater in June. 
The 9.8 percent increase in June 1947, over 
June 1946, was, as a matter of fact, greater 
than in the adjoining States of New Hamp- 
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Table 3.—Percentage changes in highway gasoline sales and traffic in year of tax increase from same months of prior year 
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July 1947 oy See at ease Se +7.7 +8. 2 +8.9 | +14.1 +10.8 | +22.0 +8. 2 +9.0 +16. 4 +5.8 +10.3 | +11.8 
I eae ech eieee ely eae ein ee Se L +7.8 +9.4 +11.1 | +11.7 +6.5 | +17.3 +8.8 | +11.1 +15.3 +7.2 +9.8 | +11.3 
NN sche in pac cates ees alone wnaipnacacete +16.2 | +10.8 +19.6 | +11.3 +1.2 +8.4 +3.7 +874 +7.8 +3.0 +9.4 +8.3 
PR iiin no cc cna chcuhiivaknnaninoeaabunewas +7.3 | +19.3 +8.1 | +22.2 +6.7 | +18.8 +2.4 | +17.3 +9.1 +5.4 +6.6 | +16.9 
Relea SPS Sa ee a aera +8.3 +8. 7 +12.4 | +10.8 +4.8 | +12.1 +7.2 | +12.1 +13.4 | +10.4 +9.0 | +10.9 
bad Sawn scecuaendéemsseusedekese nue +13.4 | +10.7 +10.7 | +13.9 +11.2 | +13.9 +0.5 | +14.5 +12.4 +7.7 +9.4 | +12.1 
EE SEE ESE Bree ee +10.3 | +10.3 +12.9 | 412.5 +5.7 | +12.3 +5.2 | +12.4 +12.3 +8.1 +9.1 | +11.1 
RE ACh doe ec eee i eee esata +12.5 | +10.6 +13.8 | +11.3 +7.4 | +11.7 +8.0 | +10.9 +13. 7 +8.3 +11.0 | +10.6 
A aa eae +10. 4 +5.3 +16.3 +9.3 +5.4 +4. 2 +11.7 +3.9 +6.6 | +18.4 +10.0 +6.0 
Delaware-------- 3 +8.1 | +22.2 +6.7 | +18.8 +2.4 | +17.3 +9.1 +5. 4 +9.5 | +11.3 +7.0 | +15.5 
Pennsylvania_- +12.4 | +10.8 +4.8 | +12.1 +7.2 | +12.1 +13.4 | +10.4 +13.0 | +15.0 +10.0 | +12.2 
Aug. 1947 Virginia........ +10.7 | +13.9 +11.2 | +13.9 +0.5 | +14.5 +12.4 +7.7 +28.0 | +10.2 +11.9 | +12.1 
Group total < +11.7 | +11.2 +6.9 | +12.7 +5.4 | +12.4 +13.0 +8.4 +15.5 | +13.1 +10.3 | +11.6 
t eR | SE Pe ee een ee ae oe ee | +13.8 | +11.3 +7.4 | +11.7 +8.0 | +10.9 +13. 7 +8.3 +11.1 +8.9 +10.7 | +10.2 
PN oregon poe hob eon tacenetneeeeuuen +0.1 | +21.1 +44.0 | +38.5 —5.5 | +21.1 +11.6 | +21.4 +12.3 | +20.7 +12.4 | +24.3 
ER aes ee +20.7 | +12.6 +12.3 | +14.9 +11.7 —9-e) “SEs +5. 2 +5.0 | +10.7 +12.8 +8. 2 
S|, ae as ae hs Ee Rae e Seen rney +1.1 +7.5 +7.6 | +16.7 +11.1 | +14.9|} +24.6 | +11.8 —4.3 | +13.6 +8.1 | +12.9 
Apr. 194 MIE PE os Sante Dawn ceaaddacdecmcan mime’ +13.4 | +14.0 +27.4 | +23.6 +24. 2 +7.4 +24. 9 —1.5 +9.0 | +10.7 +19. 4 +9.8 
RUIN ons iccnriceeiseman mine eecimne cans +13.3 | +13.4 +17.6 | +20.7 +10. 2 +7.0 +18.3 +8.3 +4.9 | +12.9 +12.5 | +12.2 
| | 
| Wy Ga 5o ooh oepatenecusteenccdceweaued +6. 2 +5.5 +10.9 +7.9 | +10.6 +7.9 | +5.0 | +8.4 | (1) +7.1 (4) +7.4 


























1 Data not available at time this table was prepared. 


shire and Vermont, where increases of 5.0 
percent and 7.1 percent, respectively, were 
experienced. In Connecticut, gasoline sold 
for highway use in June 1947, exceeded that 
for June 1946, by 21.8 percent, but in July 
it was 0.3 percent less than that for July of 
the previous year. For the 5-month period 
Connecticut highway gasoline sold showed a 
9.9 percent increase in 1947 over the same 
months of 1946, slightly greater than the aver- 
age for the adjoining States— Massachusetts, 
New York, and New Jersey. 

The immediate effect of this “loading up”’ is 
to give the appearance, in the month of the 
tax increase and immediately following while 
inventories are being reduced to normal, that 
gasoline consumption has suffered substan- 
tially as a result of the impact of the tax 
increase. A close analysis of gasoline con- 
sumption, however, reveals that the 5-month 
totals for the States in which the increases 
occurred are very similar to those of the 
adjoining States in which there were no 
increases. As inventories in the supply 


channels are brought back to normal it 
frequently appears, to those not thoroughly 
familiar with the distribution and taxation of 
gasoline, that the demand for gasoline has 
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been decreased by the increase in tax. This 
misinterpretation has frequently accounted 
for articles appearing in newspapers and trade 
journals to the effect that gasoline demand 
has been sharply cut by tax increases. Recent 
instances of such misinterpretation occurred 
with respect to Vermont and Kentucky gaso- 
line consumption. In both cases abnormally 
large amounts of gasoline had been purchased 
immediately prior to the imposition of the 
tax increase, but the total amount sold in the 
5-month period bracketing the increases 
showed no marked deviation between the 
sales patterns of those States and those of 
adjoining States. 


TRAFFIC UNAFFECTED BY TAX 
INCREASES 


Table 3 also demonstrates that in each of 
the States in which the tax increases occurred 
the traffic maintained fairly normal patterns 
similar to those of adjoining States, and, 
allowing for regional differences, consistent 
with the pattern of total traffic in the United 
States. It will be noted that in each of the 
States in which tax changes occurred, traffic 
remained on a fairly even keel, in each case 
being similar in pattern to the traffic of 








adjoining States. This appears to be con- 
clusive evidence that the impact of the tax 
increases, while resulting in a violent fluctua- 
tion in gasoline sold, does not substantially 
affect the use of gasoline on the highways. 
Theoretically, each increase in the cost of 
gasoline, whether arising from taxes or other 
factors, should reduce the potential market; 
and each decrease in the cost should expand 
the potential market. Ina period of relatively: 
stable prices and employment it might have 
been possible to distinguish the effects of the 
changes in gasoline-tax rates, or conversely 
to decide with a reasonable degree of certainty 
that the changes had no appreciable effect 
on consumption. The fact that there were 
12 increases in tax rates and 1 decrease 
during the period under study would in 
normal times have created, as nearly as it is 
possible to create, a laboratory condition. 
It might have been possible to have settled 
once and for all the question of the extent to 
which the demand for gasoline for highway use 
is flexible, and perhaps to have made a deter- 
mination of its sensitivity. From the point 
of view of making this determination, it is 
unfortunate that the tax increases were, to a 
considerable degree, the result of a general 
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rise in all price levels that at the same time 
rendered comparisons difficult. 

There can be no doubt that at some point 
the cost of highway transportation will govern 
the amount of gasoline used, and, for that 
matter, the distribution and ownership of 
motor vehicles; but it appears that we have 
not yet arrived at the point where these costs 
are sufficient to constitute an effectual brake 
on the use of highway transportation. Con- 
sumption of gasoline under present conditions 
of full employment and high wages is more 
likely to be determined by the number of 
vehicles available and the facilities for their 
use than by the price of gasoline. Gasoline 
and oil costs, which account for the principal 
day-to-day expense of operating an automo- 
bile, amount to approximately 1.8 cents per 
mile. If we take, for example, a new auto- 
mobile costing the consumer $1,800 and 
assume that it is to be depreciated over 100,000 
miles, the depreciation alone is 1.8 cents per 
mile, equaling the cost of gasoline and oil, and 
allowing nothing for maintenance, garaging, 
insurance, registration fees, and property 
taxes. 

It is quite possible that the economic effects 
of high motor-vehicle transportation costs 
will be revealed much sooner in the market 
for automobiles than in the market for gaso- 
line. Even allowing for the fact that the 
average consumer may buy, or refrain from 
buying, gasoline at any given time and that 
the demand for gasoline, therefore, must be 
much more sensitive than the demand for 
cars, and the fact that the automobile market 
must, of necessity, have much less short-term 
sensitivity, it seems probable that any change 
in the long-term curve of gasoline demand 
will be preceded by a very substantial weaken- 
ing in the market for automobiles. In other 
words, it does not appear that the need for 
highway transportation has been satisfied to 
the point that gasoline price increases or tax 
increases, within reasonable limits, will have 
any effect on the amount of gasoline consumed. 


GASOLINE COST INCREASE LESS THAN 
INCREASE IN GENERAL LIVING COST 


On January 1, 1946, the unweighted arith- 
metic average retail price of gasoline for the 
United States was 20.6 cents per gallon. At 
the end of the 30-month period under study 
the same average price had risen to 26.3 cents, 
an increase of 27 percent. In the same period 
the Bureau of Labor Statistics’ Cost of Living 
Index, based on the 1935-39 period, rose from 
129.9 in January 1946, to 173.7 in July 1948, 
an increase of more than 33 percent. Thus, 
despite the fact that the total cost of gasoline 
to the consumer rose rapidly during the period, 


Table 4.—Highway use of motor fuel, 1946-47, in States that did and did not have tax 












































increases 
States in which tax rate States in which tax rate did q 
increased during 1947 not increase during 1947 Total, all States 
Month tee 
1946 1947 Change 1946 1947 Change 1946 | 1947 Change 
1,000 1,000 Per- 1,000 1,000 Per- 1,000 1,000 Per- 
gallons gallons cent gallons gallons cent gallons gallons cent 
Os 271, 130 327, 986 | +21.0 1, 483, 602 1, 695, 510 | +14.3 1, 754, 732 2,023,496 | +15.3 
February ......-- 266, 312, 988 | +17.3 1, 421, 094 1, 571,311 | +10.6 1, 687, 897 1, 884, 209 | +11.6 
Seats 311, 059 320, 428 +3.0 1, 691, 364 1, 824, 031 +7.8 2, 002, 423 2, 144, 459 +7.1 
0 SEES 320, 213 343, 085 +7.1 1, 888, 298 1, 943, 300 +2.9 | 2,208, 511 2, 286, 385 +3. 5 
ETRE | 344, 709 366, 271 +6.3 1, 894, 852 2,153, 106 | +13.6 2, 239, 561 2,519,377 | +12.5 
| ER 340, 94 395, 062 | +15.9 1, 859, 000 2, 108, 651 | +13.4 2,199,949 | 2,503,713 | +13.8 
First 6 months_| 1, 854, 863 | 2,065,820 | +11.4 | 10, 238,210 | 11,295,909 | +10.3 | 12,093,073 | 13,361,729 | +10.5 
| eee es 371, 860 382, 945 +3.0 2, 061, 328 2, 230, 541 +8.2 | 2,433, 188 2, 613, 486 +7. ‘ 
| SE 371, 261 404, 741 +9.0 1, 999, 159 2, 155, 644 +7.8 2,370, 420 2, 560, 385 +8.0 
September---___- 6, 380 386, 444 | +14.9 1, 818, 374 2,062,616 | +13.4 2, 154, 754 2, 449,060 | +13.7 
Geeneet..........- 346, 408 388, 972 | +12.3 1, 948, 165 2, 159,481 | +10.8 2, 294, 573 2, 548, 453 | +11.1 
November-.-_-_--- 322, 489 368, 921 | +14.4 1, 839, 408 1, 882, 730 +2.4 2, 161, 897 2, 251, 651 +4. 2 
December. - ----- 326, 750 396, 911 | +21.5 1, 814, 343 2, 034, 030 | +12.1 2, 141, 093 2, 430,941 | +13.5 
Last 6 months_| 2,075, 148 | 2,328,934 | +12.2 | 11,480,777 | 12,525,042 | +9.1 | 13,555,925 | 14, 853, 976 +9. 6 
WOH. 5.00554 3, 930,011 | 4,394, 754 | +11.8 | 21, 718,987 | 23, 820, 951 +9. 7 | 25,648,998 | 28,215,705 | +10.0 4 























its relative increase was not as great as the 
increase in his general cost of living. Between 
January 1946, and July 1948, hourly earnings 
in manufacturing industries increased from an 
average of just over $1.00 an hour to more 
than $1.30 per hour. Agricultural incomes 
increased even more rapidly, and there were 
substantial increases in other industries, 
coupled with full employment. During this 
period the relative cost of gasoline, including 
taxes, actually decreased for all groups except 
those depending on fixed annual salaries, 
annuities, rents, and other relatively stable 
sources of income. It was with these facts in 
mind that this inquiry was limited to an effort 
to determine whether the increases in State 
gasoline taxes had affected gasoline consump- 
tion, rather than an attempt to learn under 
what conditions gasoline consumption would 
have been affected. 

A summary of highway gasoline consump- 
tion is given in table 4. The 1946-47 changes 
are given in totals for the group of States in 
which there was a tax-rate increase in 1947, 
and in totals for the group of States in which 
the rate did not increase during 1947. These 
summaries show that in the first 6 months of 
1947 the States in which the taxes were in- 
creased during the year had an increase of 11.4 
percent in highway gasoline sales; and in the 
last 6 months of 1947 showed an even greater 
increase of 12.2 percent over the prior year. 
This is surprising, since most of the tax 
changes took place about the middle of the 
year, with most of the “loading up” of inven- 
tories taking place during the first 6 months, 
and the unloading during the last 6 months. 
Had it not been for the loading effect, the 
last-half increase in 1947 over the same period 
in 1946 would have been greater. Strangely 


enough, the States in which there were no in- 
creases in tax rates during 1947 showed an 
increase of 10.3 percent in highway gasoline 
consumption in the first 6 months of the year 
over the same months of 1946, and a smaller 
increase, 9.1 percent, in the last 6"months of 
the year. It is not possible to arrive at a 
conclusive explanation for this apparent de- 
fiance of economic law, if we consider the 
changes in tax rates alone. We do know, 
however, that the average price of gasoline, 
without tax, increased more in the States 
that did not increase the tax rate than it did 
in the States where the tax rates were in- 
creased, and for longer periods this undoubt- 
edly nullified the relative effects of the tax 
increases. 


CONCLUSIONS 


It would be irresponsible to conclude from 
the data compiled that increased costs to the 
consumer would not, in the long run, have 
a tendency to reduce the consumption of gaso- 
line. It is apparent, however, that we have 
not yet reached the point where this effect 
can be measured. At the time the study was 
undertaken it was hoped the effects of gaso- 
line-tax increases could be measured, despite 
the fact that the price increases so over- 
shadowed them. It was felt that the impact 
of the tax increases, considering the publicity 
given them, could be located and measured; 
but this expectation was not realized. 

It is reasonably clear that at present price, 
wage, and employment levels, the demand for 
gasoline is so inflexible that no price or tax 
increases within reasonable contemplation 
will increase the total price to the consumer 
to the point where it will measurably affect 
the demand for highway gasoline. 





New Publications 


Work or THE Pusiic Roaps ApDMINISTRA- 
TION, 1948, the annual report of the Public 
Roads Administration for the fiscal year ended 


June 30, 1948, is now available from the Super- ~ 


intendent of Documents, U. S. Government 
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Printing Office, Washington 25, D. C., at 20 
cents a copy. 

Hicuway Statistics, 1947, is also now 
available. The third in an annual series, it 
presents information of general interest on the 
subjects of motor fuel, motor vehicles, high- 
way-user taxation, highway finance, and high- 
way mileage for the year 1947. A summary 
bulletin reporting similar information over 


periods of 20 to 50 years, up to 1945, was 
printed last year. These publications are for 
sale by the Superintendent of Documents at 
the following prices: 
Hiauway Statistics, 1947, 45 cents. 
Hicuway Sratistics, 1946, 50 cents. 
Hieuway Statistics, 1945, 35 cents. 
Hieuway Statistics, SuMMARY TO 1945, 
40 cents. 


March 1949 © PUBLIC ROADS 
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Traffic Trends on Rural Roads in 1947 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH 
PUBLIC ROADS ADMINISTRATION 


Total rural-road traffic in 1947 broke all 
previous records, exceeding the previous 
high in 1946 by almost 10 percent. Peak 
summer travel was 7 percent greater than 
in 1941, previous record year for that season. 

Travel on the main rural roads of the 
country amounted to more than 137 billion 
vehicle-miles, of which almost 80 percent 
was by passenger cars. Ton-mileage car- 
ried by commercial vehicles increased 21 
percent for the second consecutive year. 
Reversing a previous trend, a slightly larger 
percentage of these vehicles were found to 
be carrying loads in 1947. Average carried 
loads remained about the same as in 1946. 

The use of heavy commercial vehicles 
continued to increase, truck-combination 
travel being 21 percent greater than in 1946. 
The rise in frequency of heavy gross weights 
has apparently been halted, but the fre- 
quency of heavy axle loads was almost one- 
fifth greater in 1947 than in the previous 
year. 


RAFFIC on rural roads in 1947 broke 

all records, exceeding the all-time high 
of the previous year by almost 10 percent. 
Travel in each month of 1947 was greater 
than in the corresponding month of 1946, the 
increases ranging from 6 percent in March, 
November, and December to 13 percent in 
January. The peak summer travel was about 
7 percent above that for 1941, the year of the 
previous all-time high for that season. 

On the 345,000 miles of main rural roads of 
the country, travel in 1947 was more than 137 
billion vehicle-miles, of which almost 21 per- 
cent was by trucks and truck combinations.! 
Vehicle-mileage of these commercial vehicles 
in 1947 increased to 18 percent above the 1946 
figure and ton-mileage, 21 percent. The in- 
creased use of truck combinations, particu- 
larly noticeable during the war, was con- 
tinued through 1947. The percentage of 
vehicles carrying loads increased slightly. 

The total rural-road traffic data reported 
in this analysis are derived largely from 
records received from about 660 automatic 
traffic recorders operated continuously through- 
out the year at permanent stations on rural 
roads in all 48 States. These machine counts 
provide no classification by vehicle type since 
they record only the total number of all types 


LS 


'In this article, the term trucks is used to indicate single- 
unit trucks; truck combinations to indicate tractor-truck- 
Semitrailers (with or without full trailers) and trucks with 
full trailers; and trucks and truck combinations to indicate all 
of these vehicles together. 
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Reported by THOMAS B. DIMMICK, Highway Economist 


passing. Trends in type, weight, and char- 
acteristics of trucks and truck combinations 
were obtained from a summer survey described 
later in this article. Supplemental counts 
made by several States yielded valuable in- 
formation concerning the total volume of 
rural traffic within their boundaries and its 
classification by types of vehicles. Considera- 
tion has been given to all such available data, 
and those derived from the sample with the 
most complete coverage were given preference 
in this analysis. In instances where States 
have prepared and submitted vehicle-mile 
travel estimates, these have been employed 
rather than estimates made by applying 
trend factors. 

Figure 1} illustrates the variation in rural 
traffic in the three main geographic divisions 
and in the United States as a whole in the 
year 1947; in the previous year, 1946; and in 
the peak prewar year, 1941. In the three 
eastern regions, 1947 traffic was less than that 
in 1941 throughout most of the year; whereas 


in the other regions the 1947 traffic in each _ 


month was well above that of the correspond- 
ing month of any previous year. The States 
comprising each of these regions, which have 
been established by the Bureau of the Census, 
are indicated in the first column of table 3, 
page 147. 

Vehicle-mileage of travel on all rural roads, 
by type of vehicle, is shown in chart form for 
each year from 1936 to 1947, inclusive, in 
figure 2. Evident from this chart is the 
stability of the truck traffic. Even during 
the war period it decreased less than 26 per- 
cent from the prewar high, while passenger-car 
traffic decreased over 45 percent. Truck 
traffic, as well as passenger-car traffic, has re- 
gained all of the wartime loss and now stands 
about where indicated by the prewar trend. 
Travel by truck combinations during the 
years of the war was even more stable, and 
maintained throughout that period approxi- 
mately the same level as in 1941. Since the 
end of the war period, the vehicle-mileage of 
truck combinations has increased annually at 
a rapid rate. 


The ratios of rural traffic volumes in 1947 
to those in corresponding months of 1946 and 
1941 are shown in table 1. The uniform in- 
creases in traffic in 1947 compared to 1946, in 
all sections of the country, are clearly shown. 
With the exception of the Middle Atlantic 
region (in March and in December) the traffic 
in every region for every month was equal to, 
or greater than, that in the same period of the 
previous year. On the other hand, the com- 
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Figure 1.—Travel on all rural roads in 1941, 
1946, and 1947, by months. 
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Figure 2.—Travel on all rural roads, 1936-47, 
by classes of vehicles. 
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Table 1.—Ratio of traffic volume on rural roads in 1947 to that in corresponding months 
of 1946 and 1941, as determined from automatic traffic recorder data 






































































































































Region Jan. | Feb. | Mar.} Apr. | May | June} July | Aug.| Sept.} Oct. Dec. | Total 
. RATIO OF 1947 TRAFFIC TO 1946 TRAFFIC 
Eastern regions: 
New England___--..---- 1.18 | 1.19 | 1.07 | 1.08 | 1.11 | 1.09 | 1.12} 1.15 |. 1.09 | 1.12] 1.07 | 1.01 1.10 
Middle Atlantic__.-.---- 5a | 3. .97 | 1.10 | 1.09 | 1.12 | 1.17 | 1.11 | 1.08} 1.12] 1.06 . 98 1.09 
South Atlantic_-..-..--- 1.21 | 1.10 | 1.07 | 1.15 | 1.13 | 1.14] 1.15 | 1.14] 1.10} 1.12) 1.08 | 1.07 1.12 
PE cidcccnseuual 1.19 | 1.11 | 1.04 | 1.12 | 1.11 | 1.12] 1.15 | 1.13 | 1.09 | 1.12) 1.07 | 1.03 1.11 
Central regions: 
East North Central _---- 1.21 | 1.10 | 1.09 | 1.12 | 1.14] 1.15 | 1.13 | 1.12] 1.11 | 1.11 | 1.03 | 1.03 Li 
East South Central - - --- 1.04 | 1.03 | 1.05 | 1.10 | 1/11 | 1.12] 1.11 | 1.09 | 1.06 | 1.09] 1.08 | 1.10 1.08 
West North Central___.-| 1.16 | 1.09 | 1.06 | 1.07 | 1.11 | 1.12 | 1.12 | 1.14] 1.12} 1.10] 1.02] 1.04 1.10 
West South Central__..-| 1.00 | 1.02 | 1.02 | 1.06 | 1.05 | 1.07 | 1.06 | 1.06 | 1.05 | 1.04 1.06 | 1.06 1.05 
[ee 1.12 | 1.06 | 1.06 | 1.09 | 1.11 | 1.12} 1.11 | 1.11 | 1.09] 1.09 1.04 | 1.05 1.09 
Western regions: 
EES 1.09 | 1.07 | 1.11 | 1.08 | 1.11 | 1.11 | 1.11 | 1.12 | 1.14] 1.14} 1.08] 1.11 tH 
WE cnt attenacnnawed 1.09 | 1.13 | 1.10} 1.08 | 1.08 | 1.07 | 1.06 1.07] 1.01 | 1.00} 1.11 | 1.13 1.07 
fo ee 1.09 | 1.11 | 1.10 | 1.08 | 1.09 | 1.08} 1.08 1.09 1.05 | 1.04] 1.10} 1.12 1.08 
United States average------- 1.13 | 1.09 | 1.06 | 1.10 | 1.11 | 1.11 | 1.12] 1.11 | 1.08 | 1.09 | 1.06 | 1.06 1.09 
RATIO OF 1947 TRAFFIC TO 1941 TRAFFIC 
Eastern regions: 
New England __--__._-.-- 1.07} .99/ 1.05) .91] .86 83] .83 81 95 71 .&8 81 .89 
Middle Atlantic__...---- 1.08 | 1.07 . 82 - 96 . 86 87 . 95 83 | 1.00 | 1.04 .96 | 1.04 95 
South Atlantic. -----.--- 1.18 | 1.11 | 1.13 | 1.10 | 1.08 | 1.08 | 1.04 | 1.02 | 1.06 | 1.14] 1.09 | 1.08 1.09 
(eee 1.13 | 1.08 -99 | 1.01 - 94 95 - 96 90 | 1.02 | 1.07 -99 | 1.02 . 99 
Central regions: ' 
East North Central..---| 1.30 | 1.24 | 1.22 | 1.17 | 1.12] 1.06 -98 | 1.07 | 1.10 | 1.14 . 93 .90 1.09 
East South Central_._--| 1.11 | 1.17} 1.18 | 1.16 | 1.14 | 1.09 | 1.04] 1.19] 1.13 | 1.18 | 1.22 | 1.16 1.14 
West North Central___-- 1.15 | 1.06 | 1.05 | 1.05 | 1.02 | 1.07 | 1.05 | 1.08 | 1.13 | 1.13 | 1.00 . 98 1.06 
West South Central-_---- 1.17 | 1.24 | 1.22 | 1.27 | 1.28 |.1.22 | 1.24 | 1.23 | 1.20 | 1.26} 1.22 | 1.15 1.22 
ID in ciiaccimeaare 1.21 | 1.19 | 1.18 | 1.17 | 1.13 | 1.10 | 1.06 | 1.12} 1.13 | 1.17] 1.05 | 1.01 1.12 
Western regions: 
Mountain......---------| 1.21 | 1.19 | 1.11 | 1.16 | 1.12 | 1.17 | 1.13 | 1.21 | 1.26 | 1.23 | 1.07 | 1.21 1.17 
| 1.31 | 1.31 | 1.31 | 1.28 | 1.23 | 1.34] 1.30 | 1.37 | 1.33 | 1.33 | 1.24] 1.21 1.30 
Pe 1.28 | 1.27 | 1.24] 1.24] 1.19 | 1.28 | 1.24] 1.31 | 1.31 | 1.30] 1.18 | 1.21 1. 25 
United States average. ------ 1.19 | 1.16 | 1.12 | 1.12 | 1.08 | 1.07 | 1.05 | 1.07 | 1.12 | 1.15 | 1.05 | 1.04 1.10 
Table 2.—Percentage of annual traffic in each month in 1947 
| 
Region Jan. | Feb. | Mar.} Apr. | May | June | July | Aug. | Sept.| Oct. Nov. | Dee. | Total 
Eastern regions: 
New England_......----- 6.8| 6.2] 7.1] 7.9] 8&7] 8&8] 10.5] 10.6) 104] 98) 7.7] 685) 100.0 
Middle Atlantic.......--- 6.4 6.3 5.5 8.2 8.6 8.9 | 10.7 9.9 | 10.4 9.4 8.1 7.6 | 100.0 
South Atlantic......----- 7.6) 7.3] 7.7] 84] 83) 8&7] 94] 91) 85] 86] 83] 81) 100.0 
Average.......---.--- 6.8] 67] 67] 82) 85) 88/101] 97) 96] 91) 8&1] 7.7] 100.0 
Central regions: 
East North Central_---.-. 6.7 6.7 7.6 8.6 9.5 9.1 9.6 | 10.5 9.6 8.9 6.9 6.3 | 100.0 
East South Central. - --- 6.4 6.9 7.4 8.0 8.5 8.4 9.0 | 10.0 9.3 9.1 8.6 8.4 | 100.0 
West North Central_.....| 6.2 6.5 6.9 7.8 8.5 9.3 9.9 | 10.5 9.9 9.4 7.9 7.2 | 100.0 
West South Central__.-.- 7.0 7.4 7.8 8.3 8.4 8.7 8.9 9.0 8.7 8.7 8.6 8.5 | 100.0 
Average.....-.-.----- 6.6 6.9 7.4 8.2 8.9 9.0 9.4) 10.1 9.4 9.0 7.8 7.3 | 100.0 
Western regions: 
I oe Sci Sniee ance 6.1) 64) 7.1) 77] 84] 95] 104/109) 99) 90) 7.5) 7.1] 100.0 
I te Oe aca arson weal 6.5 7.0 7.4 7.9 8.6 9.2 9.9 | 10.5 9.6 8.7 ye 7.0 | 100.0 
es 6.3 6.8 7.3 7.8 8.6 9.3 | 10.1 | 10.6 9.7 8.8 7.6 7.1} 100.0 
United States average...-....- 6.6 6.8 7.2 8.2 8.7 9.0 9.8 | 10.0 9.5 9.0 7.8 7.4 | 100.0 





























parison of 1947 traffic figures with those for 
1941 shows that traffic was generally higher, 
month by month, in 1947 than in 1941 in the 
South Atlantic, Central, and Western regions, 
while travel in the New England and Middle 
Atlantic regions remained generally somewhat 
below the levels attained in the earlier year. 





Table 2 indicates the differences in the 
regional annual traffic patterns for the year 
1947. Normally, for the United States as a 
whole, the summer months of July and 
August have higher percentages of traffic than 
other months of the year. This is generally 
true for the year shown although, as would be 


Table 4.—Ratio of 1947 traffic to corresponding traffic in 1946, from summer counts 






































Eastern regions Central regions | Western regions | 
| | ) | | _ | | | United 
Vehicle type Tid- | East | East | West | West | | States 
ow | dle |Squth! ay er-|North | South|North' South’ Aver-| Moun-|Pacif-| Aver-| *V@T 
lana | At- lantiel age | Cen-| Cen-| Cen-| Cen-| age | tain | ic | age — 
|lantic| | | tral | tral | tral | tral | | 
| | meee ae SES ae eee ees, 
| | | | 
Passenger cars: | | | 
ee ee 1.13 | 1.07 | 1.24 | 1.15 | 1.06 | 1.13 | 1.18 | 0.97 | 1.07 1.20 | 1.08 | 1.10 1.10 
| eee 1.07 | 1.18 .88 | 1.00 | 1.24 | 1.08 -90 | 1.31 | 1.13 1.04 | 1.05 | 1.04 | 1.07 
All passenger cars- 1.11 | 1.09 | 1.13 } 1.11] 1.10} 1.11) 1 10 | 1.03 | 1.09; 1.12) 1.07 | 1.09 | 1.09 
Trucks and truck combina- | | 
tions: | 
Single-unit trucks-_---.-- 1,04 | 1.15 | 1.19 | 1.16 | 1.19 | 1.10 | 1.16 1.10 | 1.14 1.12 | 1.37 | 1.25 1.16 
Saag ee 1.18 | 1.25 2 1.18 | | 1,21 | 1.32 1,24 | 1.15 | 1.28 | 1.26 1.10 | 1.12] 1.12} 1,21 
A!l trucks and truc } 
combinations... - 1.06 | 1.18 | 1.19 | 1.17 | 1.23 | 1.13 | 1.16} 1.14{ 1.417) 1.12 | 1.26 | 1.20) 1.18 
je ee eee 1,00 | 1.14} 1. 18 | 1.14 | 1.08 | .96 | 1.27 | 6 1.06} 1.15} .94] 1.01) 1.08 
Pt TEINS 6 cicccssnenceut= 1,10 | 1.11 | a 15 | 1.18 | 1.12] 1.11 | fu 1.06 | 1.10 1,12 | 1.10 | -3t] 2 
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expected, the variation is less marked in the 
South Atlantic and West South Centra] 
regions. In these regions storms and cold 
weather generally cut traffic less in winter than 
in the northern areas and also tourist and 
resort travel is relatively less in summer. 


1947 SUMMER SURVEY 


During the summer of 1947, the highway 
departments of 44 States, in cooperation with 
the Public Roads Administration, conducted 
a survey to obtain the trends in the volume 
and composition of traffic, and weights of 
trucks and truck combinations on rural roads, 
This survey followed, in general, similar 
surveys conducted each summer for the past 
5 years.? 

All States participated in these surveys 
except Wyoming, Maryland, Virginia, and 
Illinois. In Wyoming, an expanded weight 
survey was in progress but reports from it were 
not available for inclusion in this analysis. 

The majority of weighing stations were oper- 
ated during July, August, or September al- 
though Arizona, California, and Florida com- 
pleted their work in June, Minnesota con- 
ducted the operations from May through 
August, and Mississippi operated for the entire 
year. 

The stations used in these surveys were se- 
lected initially to give a representative cross 
section of traffic on main rural roads, and were 
operated generally for 8 hours on a weekday, 
either from 6 a. m, to 2 p. m. or from 2 p. m, 
to 10 p. m. All traffic passing through the 
stations during the period was counted and 
classified into the following categories: local 
passenger cars; foreign (out-of-State) pas- 
senger cars; panel and pick-up trucks; other 
2-axle, 4-tired trucks; 2-axle, 6-tired trucks: 
3-axle trucks; tractor-semitrailer combina- 
tions; truck and trailer or tractor-semitrailer 
and trailer combinations; and busses. 

The survey period, number of stations oper- 
ated, number of vehicles counted, and number 
weighed are shown for each State in table 3. 
A total of 961,597 vehicles were counted at all 
stations during the period of the survey. 
Trucks and truck combinations numbered 
192,341 or 20 percent of the totalcounted. Of 
these, 95,220 or 49.5 percent were stopped 
and weighed. 

Wherever traffic volume permitted, all 
trucks and truck combinations were stopped 
and weighed. Where this procedure wa: 
impracticable, a sample was obtained by 
weighing all of the uncommon types and 
omitting only vehicles of types sufficiently 
common so that a partial. sample would be 
adequate to establish their characteristics. 
The type of vehicle, whether it was loaded or 
empty, and the number of axles were recorded. 
The axle spacing and total wheelbase lengt! 
of the heavier vehicles‘ were measured. 

2 See Traffic trends on rural roads in 1946, by T. B. Dimmick 
and Mary E. Kipp, Pustic Roaps, vol. 25, No. 3, Mar. 18 
Traffic trends on rural roads in 1945, by T. B. Dimmick, 
PusBLic Roaps, vol. 24, No. 10, Oct.-Nov.-Dec. 1946; ant 
Amount and characteristics of trucking on rural roads, bY 
J. T. Lynch and T. B. Dimmick, Pusuic Roaps, vol. 23, No. 
9, July-Aug.-Sept. 1943. 

3 Single units weighing less than 1% tons. 

4 Single-unit trucks weighing 13 tons or more and track 
combinations weighing 17 tons or more. 
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Passenger cars and busses were counted but 
not stopped for weighing. 


TRAFFIC INCREASES 


The ratios of 1947 summer traffic counts to 
corresponding counts in 1946 are given for 
the main vehicle types in table 4. The more 
detailed vehicle-type classification is not 
shown in this table because it was not made 
prior to 1947. Particularly noticeable in this 
table is the increase in trucks and truck com- 
binations observed in every section of the 
country. The increase of single-unit trucks 
counted in the Pacific region and of truck 
combinations in the East North Central 
region is most noteworthy. In all regions 
except the New England and Mountain 
regions, truck and truck-combination traffic 
increased faster than passenger-car traffic. 
This was particularly true in the East North 
Central region where the passenger cars 
observed increased 10 percent while trucks 
and truck combinations increased 23 percent, 
and in the West South Central region where 
the passenger-car counts increased only 3 
percent compared to an increase of 14 percent 
in the truck and truck-combination counts. 
Foreign passenger-car travel fell off surpris- 
ingly in the South Atlantic region and in the 
West North Central region. 

Table 5 shows the percentage distribution 
of traffic by vehicle type in 1947. In this 
table the single-unit trucks are divided into 
the four new classification types that have 
been recommended by the Public Roads 
Administration and adopted by most of the 
States. The classification of trucks into these 
groups permits more positive identification 
than the use of the old “light, medium, and 
heavy” categories, and the groups are more 
homogeneous than those formerly used. 

The percentage figures for the various types 
in table 5 indicate that the West South Cen- 
tral, East South Central, and Mountain 
regions have larger percentages of trucks than 
the areas with heavier travel such as New Eng- 
land, East North Central, Pacific, and Middle 
Atlantic regions. The table also shows that 
local conditions in some areas apparently 
encourage the use of certain types of vehicles, 
such as 2-axle, 6-tired trucks that are especi- 
ally popular in the West North Central region, 
or the truck and trailer combinations that 
are used in the Pacific region to a greater 
extent than elsewhere in the country. 


AVERAGE WEIGHTS NOW RELATIVELY 
STABLE 


Figure 3 shows graphically the average 
Weights of loaded and of empty single-unit 
trucks, of truck combinations, and of all 
trucks and truck combinations, in the summers 
of 1942 to 1947, inclusive, and in a correspond- 
ing period of a prewar year, generally 1936 
or 1937. This chart shows that the weights 
of both loaded and empty single-unit trucks 
increased each year from the time of the first 
Survey through 1945, and since then have 
decreased slightly. On the other hand, the 
Weights of both loaded and empty truck com- 
binations increased each year of the period 
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Table 3.—Survey period, number of stations operated, number of vehicles counted, and 
number weighed in each State in the special weight survey during the summer of 1947 




















cenit Vehicles counted Trucks ond 
- 3 Bie as Number |— combina- 
Region and State Survey period ofeniinns pee Peseta tions 
vehicles | truckcom- | weighed 
binations 
New England: 
ee Ee LS SEES eee at 10 26, 918 4,815 2, 348 
_ SS a a eee July 30-Aug. 26................ 10 25, 360 4, 138 1, 512 
a 2 ee 10 28, 565 4, 848 2, 219 
New Hampshire_..._________- og A 5 13, 891 1,714 548 
pS, ee oe as St See 5 11, 466 2,096 970 
NONI Soko caxacccatcackud Ce ee ere 5 8, 385 580 580 
SE es, Par en ake nae bree eee ee eee 45 114, 585 18, 191 8,177 
Middle Atlantic: 
eee oe De ee 10 59, 277 11,012 1, 878 
NII oe 2 oS | See ae 20 36, 938 9, 515 3, 543 
Pennsylvania._..............- PRON O80 e <6 cc csnsesuecunsdess 10 36, 425 6, 432 1, 633 
LSS a ee) ne Nees Speed eek eee peor ee 40 132, 640’ 26, 959 7,054 
South Atlantic: 
| SS eee cE se a ee 4 11,004 3,148 447 
.. Saas MPEG ciivciscadde abouccus 10 12,021 2,170 2,112 
eee Oe ee ea 10 12, 635 2, 951 1, 804 
pS eee Pe rae, Saree See ee: eee Eee) openness ee 
ore Carguma._............. Aue. 10-Sept. 9... 2.2.0 c cnc cene 12 23, 867 5, 546 3, 069 
South Carolina..............- ga ak Ee ee 10 15, 147 3, 843 , 923 
|. Nee iintdcthvnesicckks¥senewecccwelasskeamamentnd nantes eet Sia pe IT | ee Es! 
Wet Virgie. s...-..5....-... pa eee 9 10, 330 2, 735 1, 244 
ee, Bee ibe w ee eect cdee ann teanaseatuweans 55 85, 004 20, 393 10, 599 
SI TERIOR MUNEL. occ. oan occe nessun csiwencsiewnacsdacwe 140 332, 229 65, 543 25, 830 
East North Central: 
heehee le eee ee ee Ca eee res: eee) ke eee ERROR Poe eee SN 
J EE Sa eS  } ; 20 36, 105 8, 261 3, 459 
| Ae ea July 20 AUG. 7... .<....-5-.... 10 25, 942 4,091 1, 896 
Oe Re a eer Be oS a, 10 21, 473 3, 740 1,082 
We oS BE PEER aden cnckenGeceuasecs 15 27, 316 3, 168 1, 804 
PNR os Sno - ag Se obas cacudacaneusstlan see | 55 110, 836 19, 255 8, 241 
East South Central: 
SS EE eae pa ap eae 10 9, 591 2, 343 1, 425 
rr June 19-July 24...--..--...-.. 10 10, 592 2, 584 948 
(eee BT cS |: ae ere 15 17, 728 * 4,785 3, 484 
_ Ne eee ee Se Pc gk So : We eee 9 9, 087 2, 311 1, 484 
PI re 23 eS an deawbnannneaahetnecacuin 44 46, 998 12,023 7, 341 
West North Central: 

SR ae euy Pe-AUe. Be 6 oe occ oc cece. 10 11, 498 1, 960 1, 947 
I Aug. 25-Sept. 8 10 8, 741 1,799 1,040 
Minnesota............-......| May 5-June 6 and July 7-Aug. 

ar Sek tito Site resales tai 28 80,009 15, 510 6, 227 
oS Sees Pe OS. a | 42 75, 752 17, 725 11, 505 
ae Suly @-AUs. 13.....5......-... 20 18, 226 3, 844 3. 679 
North Dakota._...-......._-- PO 2) 10 13, 767 2, 781 1, 839 
Sout Dekota.............-.- SU Y Ser Te i occ cnsncccc 9 4, 305 925 87: 
SE ae ee) Le ee a ea PA CRE — | 129 212, 298 44, 544 27,109 
West South Central: 
CS Aug. 4-15. --.-- ne ee 10 13, 611 4, 276 1, 340 
NE Ee See rs Bas odes acc dcks 10 7. 551 2, 337 2, 104 
OS es [  % . aa ae 10 13, 747 3, 068 3, 068 
1 Se Ae Fite 17-BOe. SF. 265.255 een es 17 23, 728 5, 392 2, 273 
NE oo .o5 5s SO SE nb eweceudouweeneusegabatwe 47 58, 637 15,073 8, 785 
ee Cae eee eS ne ee ee ee 975 | 428,769 90, 895 51, 476 
Mountain: ‘ 

[0 ee ee ee eee 10 8, 920 1, 672 661 
EE Re mae 4 eer er 10 23, 397 3, 866 1,051 
a pee ae, ps Se eee 13 14,016 2, 587 2, 069 
RNIN as oa oe bs ceenke eg 3) oe | 18 14, 640 3,000 2, 393 
eee eee Say De-Atig. 12. «225-5003 | 10 6, 224 784 765 
New Mexico.............----- July 21-Aug. 7...-...........-| 10 9,033 1, 901 1, 542 
WYRM IMSS ee nos oe cs July 28-Aug. 8.........-.-..--| 10 15, 366 2, 649 851 
CO NEMIER oerroncccl cana: a |-----------]-------------]-------------|--------2--- 

|! ee ee : =a | 91, 596 16, 459 9, 332 
Pacific: | 
ee 250m Ek 5 es May 27-June 30.......-.------ } 20 72, 375 13, 284 4,117 
ee 2 ilpapmaindk ate aaa 9 | 19, 208 3, 2, 509 
Ls Gs ONO oo ne cceccassennuce 10 17, 420 2, 578 1, 956 
Ns Fein oa sieechdhbnanius eked tuRaestchabhaoebaipes | 389 | 109,003 19, 444 8, 582 
Western regions, subtotal__...___- RE Seal at ota ettelahen | 120 =| ~=-200,599 | ~—-35, 903 17, 914 
I 8 ne ae a 535 | (961,597 | 192, 341 95,220 












































































































































1 No survey made in 1947. 


2 Made an expanded survey in 1947 that is not comparable 


shown. The average weights of the various 
types of loaded and empty trucks and truck 
combinations in the summer of 1947 are shown 
in table 6, for the different regions. This 
table brings out clearly the important differ- 


» with previous counts. 


ences that exist in the weight characteristics 
of the vehicles in the different groups of the 
new classification. It will be noted, for 
example, that for the United States as a whole 
the loaded 3-axle, single-unit trucks weighed 
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Table 5.—Percent 


age distribution of traffic, by vehicle types, in the summer of 1947 

















| Eastern regions | Central regions | Western regions 
a Vetted 
: j | | r r | States 
Vehicle types . | saay, | og } East East | West West e / 
’ | Ra soll | oe, —_ «| Average | North | South | North | South | Average — Pacific | Average | ®V@rage 
ee ee Central | Central | Central | Central 
Passenger cars: | | 
ee | 57.84 | 63.52 | 57.88 60.04 59. 19 54.72 | 58.44 58.39 | 58.26 40. 58 68. 34 59. 11 59. 00 
ees nwenntns ewwalie |} 24.68 | 15.09 | 17. 22 17. 45 23. 00 21. 82 18.07 15. 87 19. 92 36. 33 11. 50 19. 75 19. 08 
All passenger cars. ...-------------- | 82.52 | 78.61 75. 10 77.49 82.19 | 76.54 76. 51 74, 26 78. 18 76. 91 79. 84 78. 86 78. 08 
Single-unit trucks: | 
ee ee ee 5.47 4.76 6.81 | 5. 83 3.95 7.32 5. 60 9.13 6.03 9. 61 3.89 5.79 5. 92 
Other Sau, 6tived. . ...:....-.........- . 53 1. 54 awe | 1.03 . 20 . 66 1. 21 . 63 . 61 . 43 1. 63 1. 23 86 
Other 2-axle, 6-tired.-....-----------'---] 6. 54 8.02 8. 59 8.08 6.17 9. 41 10. 61 8.16 8.14 7. 54 3.62 4.93 7.54 
, OS See | . 34 . 66 . 88 72 . 66 . 34 21 . 22 -40 48 2. 59 1.89 77 
All single-unit trucks._...-.---...--- |" 12.88 14. 98 17.03 15. 66 10. 98 17.7. 17. 63 18. 14 15.18 18. 06 11.73 13. 84 15. 09 
Truck combinations: | 
Tractor-truck and semitrailer_-__-------- 3.18 5.31 6. 23 5. 45 5. 82 4.05 4. 66 6.30 5. 44 3.30 4.49 4.10 5.19 
IE atta ceumtesccececcce | .01 . 03 .02 . 02 . £ eee . 22 . 40 . 25 .62 3.04 2. 23 . 54 
All truck combinations- ------------ 3.19 5. 34 6. 25 5.47 6.08 4.05 4. 88 6. 70 5. 69 3. 92 7. 53 6. 33 5.73 
All trucks and truck combinations- -_.- ----- | 16.07 20. 32 23. 28 21.13 17.06 21. 78 22. 51 24. 84 20. 87 21. 98 19. 26 20.17 20.82 
. 
NG Sana catitundbes ated bert nduwewswite 1.41 1.07 1.62 1.38 .75 1.68 . 98 . 90 - 95 1.11 . 90 97 1.10 
en ee ce | 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 









































more than twice as much as the 2-axle, 6-tired 
trucks, and that similar differences existed 
throughout the classification. 


TRUCK TRANSPORTATION HAS 
PHENOMENAL INCREASE 


Figure 4 shows a comparison of the esti- 
mated vehicle-miles of travel on main rural 
roads*® of both the loaded and the empty 

5 Main rural roads, as referred to in this article, comprise 


about 345,000 miles of the principal routes in the United 
States. 
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single-unit trucks and truck combinations, of travel by loaded vehicles, considered sepa- 
separately and combined, for each year from rately from empty vehicles, were even greater. 
1936 to 1947, inclusive. This chart shows Travel by loaded single-unit trucks in 1947 
more clearly than figure 2 the steady growth increased 21 percent above that for 1946; 
of truck traffic during the period 1936-41, the that of truck combinations increased 23 per- 
temporary effect of the wartime restrictions, cent; and that of all types increased 22 percent. 
and the phenomenal upsurge in highway truck Table 7 gives a comparison, by regions, of 
transportation since the war. Travel by the estimated vehicle-miles of travel by vehi- 
single-unit trucks in 1947 increased 16 per-_ cles of different types on all main rural roads 
cent above that for 1946; that of truck com- in 1947 and 1946. While total travel in- 
binations increased 21 percent; and that of creased a considerable amount (11 percent) 
all types increased 18 percent. The increases over the previous year’s total, even larger 

increases were found in the travel by freight- 
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Figure 3.—Average weights of loaded and of empty trucks and truck combinations in the 
summers of 1942-47 and in a corresponding period of a prewar year. 
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carrying vehicles. These increases were indi- 
cated in every census region but were more 
noticeable in the Pacific region, where truck 
and truck-combination traffic increased 26 
percent over the previous total, and in the 
East North Central region where it increased 
23 percent above the 1946 estimate. 

A second important trend that is indicated 
by the figures in table 7 is the continued in- 
crease found in many sections of the country 
in the more general use of the heavier com- 
mercial vehicles. In every region east of the 
Rocky Mountain States, except in the West 
North Central and the South Atlantic regions, 
the vehicle-mileage of truck combinations 
increased more rapidly than that of single-unit 
trucks. In the Pacific region, on the other 
hand, where the use of loaded truck combi- 
nations had increased phenomenally in pre- 
shennan Sdoiite cies maine vious years, the vehicle-mileage of this type 
increased only 12 percent as compared to 37 
percent for single-unit trucks. 

Figure 5 gives a comparison of the average 
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load carried by single-unit trucks,truck com- 
binations, and all of these vehicles combined, 
in the 12 years since the planning surveys were 
commenced in 1936. The chart shows the 
general upward trend of load weights through- 
out all except the last 2 years of this period. 
In 1947 the average carried load both of 
single-unit trucks and of truck combinations 
declined slightly from the 1946 level but, be- 
cause of the increased proportion of com- 
binations, the average for all vehicles re- 
mained practically constant. From 1936 
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unit trucks increased from 1.9 tons to 2.3 


Figure 4.—Travel on main rural roads by loaded and empty trucks and truck combinations, tons, an increase of 21 percent; the average 
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Table 6.—Average weights (in pounds) of loaded and empty trucks and truck combinations, by vehicle types, in the summer of 1947 
= Eastern regions Central regions Western regions 
Vehicle t a pe ‘States 
ee " East East | West West tates 
Eira —_— Fre mo . Average | North South | North South | Average |Mountain| Pacific | Average Te 
. : Central | Central | Central | Central 
"| AVERAGE WEIGHTS OF LOADED TRUCKS 
j | | 
Single-unit trucks: 
Panel and pick-up- Salis S anid sed ig pase ja aes 6, 321 4,774 5,127 5, 187 5, 462 4,990 | 4,800 5,378 5,199 5, 681 4,070 4, 660 5, 109 
Other 2-axle, 4-tired reescnahies eabes dernier Gace natal 9, 320 7, 044 8,770 7, 872 8, 120 6,207 | 6,738 | 7,897 7, 227 8, 580 8, 258 8, 277 7, 816 
Gegmera-amle, 6-tired. . ....-_...-... 2. 14, 544 14, 216 12, 221 13, 227 13, 485 12, 685 12,420 | 12,452 12,805 13, 193 11, 246 12, 083 12, 871 
; pi eee eee eee ee 28, 122 24, 104 25, 595 32, 809 28,920 | 24,115 | 24, 308 30, 676 24, 837 25, 169 25, 145 26, 711 
Average . 11, 786 10, 247 10, 978 12,314 10,963 | 10,127 | 9,038 10, 622 10, 776 11,774 11, 507 10, 897 
Truck combinations: | 
) Tractor-truck and semitrailer...........- 37, 141 39, 358 34, 726 36, 557 35, 422 30, 704 36,711 | 32,122 34, 371 40, 843 45,179 44,059 36, 594 
ge eee ee 1) 1) 1) (1) ae eee 19, 081 19, 704 33, 259 51, 630 52,378 52,099 46, 574 
) J See aaa een eee 37, 223 39, 293 34, 713 36, 560 36, 405 30, 704 35, 600 31, 197 34, 312 42,215 47,771 46, 625 37, 498 
| 
Average, all trucks and truck combinations_| 18,196 20, 341 16, 792 18, 214 23, 663 16,396 | 16,869 15, 639 18, 862 19, 427 22, 028 21,111 19, 047 
| | | 
J 
AVERAGE WEIGHTS OF EMPTY TRUCKS 
) = 
) Single-unit trucks: 
Pemerand pick-up. ............-..--..:. 4, 689 3, 976 3, 744 3, 937 4,109 3, 943 3, 730 4, 273 4, 057 3, 967 3, 468 3, 777 3, 965 
el Otter Dex, 4-tired.. . .............-4..- 7,103 4, 992 5, 740 5, 327 6, 110 4, 680 4,718 5, 339 5, 060 §, 221 5, 545 5, 485 5, 271 
Other 2-axle, 6-tired ... .................- 8, 412 6, 137 6, 898 6, 779 6, 991 7,172 7, 160 7,189 7,129 7,184 7,514 7, 328 7,036 
RE A ere CIE see we See 16, 899 13, 339 11, 054 12, 480 15, 048 11, 835 12, 248 12, 099 13, 766 13, 514 14, 605 14, 515 13,777 
eS ee ee 6, 719 6, 687 5, 456 6, 073 6, 046 5, 502 5, 730 5, 579 5, 716 5, 244 7, 324 6, 267 5,932 
pa- Truck combinations: 
ter Tractor-truck and semitrailer_--_----__--- 20, 499 19, 605 17, 075 18,399 18, 344 15, 813 | 17, 765 15, 830 17, 094 20, 429 21, 100 20, 814 17, 942 
2 BS Ee 1 (4) 1 1) | RE Bocce deuce | 11,609 15, 773 20, 130 28, 252 21, 930 22, 982 21, 933 
947 J) See Era eas 20, 498 19, 623 17, 072 18,405 | 18,871 15,813 | 17,528 15, 816 17, 249 21, 778 21, 531 21, 606 18, 304 
46; Average, all trucks and truck combinations. 8, 536 9,110 7, 484 8,232 | 9,854 6,555 | 7,834 | 8,017 8, 153 7, 228 10, 520 8, 959 8, 321 
er- : 
ont. 1 Data omitted because of insufficient sample. 
, of 
shi- Table 7.—Comparison of estimated 1947 vehicle-miles of travel on main rural roads with corresponding figures for 1946 
ads 
in- ee hg sand All Soe Single-unit trucks Truck combinations 
nt) So ee ae) ee eee 
‘ger Region and year All vehicles, Percentage Percentage 
vehicle-miles | percenta Percentage | ofall * of all 
sht- eo at Vehicle- “ofall | Vehiclee | pw teeana| Vehicle- | trucksand | Vehicle- 

; gy miles Batts. | miles Sete: miles chp rgglicrss miles 

idi- vehicles vehicles | truck com- truck com- 
é binations binations 
lore | 
uck Eastern regions: | 
26 New England: Thousands Thousands | Thousands | Thousands Thousands 
th SASS ES oe ee ee ee eh Cee ees. 5, 713, 086 83.3 4, 759, 184 16.7 | 953, 902 82.1 783, 031 17.9 170, 871 
€ _. SSS Se ee ee ae eee ere 6, 298, 391 83.9 5, 286, 129 16. 1 1, 012, 262 80.1 811, 285 19.9 200, 977 
sed OS SRS Sees © 1.10 1.01 1,11 6 1.06 . 98 1.04 1U 1,18 
Middle Atlantic: 

Se eee aoe ee SES ee 15, 532, 600 80.9 12, 564, 265 19.1 2, 968, 335 75.3 2, 234, 986 24.7 733, 349 
ted 2a se ee ae eee eT a ee 17, 207, 662 79.7 13, 711, 322 20.3 |} 98,496, 340 73.7 2, 577, 225 26.3 919, 115 
Le WORTH TOMO ONO. | ccc one ese cscccuec tee 1.11 .99 1, 1.06 | 1,18 .98 1,15 1.06 < 
in- South Atlantic: 

SSE ES Se ae ae ca oe AS ee 18, 439, 919 77.5 14, 290, 746 22. 5 | 4,149,173 72.9 3, 025, 426 27.1 1, 123, 747 
try es rae ha Reo Ses 21, 193, 968 76.7 16, 260, 267 23.3 4, 933, 701 78.2 3, 609, 723 26.8 1, 323, 978 

DE MSS. oes e eke tance Solkomewed |e .99 1.14 1.04 | 1,19 1.00 1.19 .99 1,18 
om Subtotal: 
the MG ihe ee Bos aie Doce S ies hatha 39, 685, 605 79.7 31, 614, 195 20.3 | 8, 071, 410 74.9 6, 043, 443 25.1 2, 027, 967 
2 ac ncg a oe gS Bae ew wie aain ae ka 44, 700, 021 78.9 35, 257, 718 21.1 9, 442, 303 74.1 6, 998, 233 25.9 2, 444, 070 
est Ck panes ae eer ree es eee 1.13 .99 1,12 1, 04 1.17 .99 1.16 1.03 , Aas 
wns Central regions: | 

me East North Central: | 

ons Se ee SE RRR ee 8 eee eae ee ee Be we OY 23, 563, 034 84.4 19, 898, 197 15.6 | 3,664, 837 66. 7 2, 444, 116 33.3 1, 220, 721 
5 a AES Se Aes 26, 432, 337 82.9 21, 923, 580 17.1 | 4, 508, 757 64, 4 2, 902, 341 35.6 1, 606, 416 
Init ROE on ns area cis weenie weces 1.12 . 98 1.10 1.10 1, 23 .97 1.19 1.07 1,32 
her East South Central: 
RRR Se i ae ee ee gad 7, 470, 206 78.5 5, 867, 331 21.5 1, 602, 875 83.1 1, 332, 105 16.9 270, 770 
1bi- A cee en eer eS 8, 288, 771 78. 2 6, 482, 965 21.8 1, 805, 806 81.4 1, 469, 955 18. 6 335, 851 
oo ee eae ee eas ee 1.11 .99 1,10 1.01 1,13 .98 1.10 1,10 1, 24 
ore- West North Central: 
vpe NIE BO yl at, waar rea wiea ses oee alee 14, 971, 991 78.5 11, 755, 049 21.5 3, 216, 942 78.2 2, 514, 597 21.8 702, 345 
yp aS ae es er 16, 528, 77.5 12, 807, 372 22. 5 3, 721, 618 78.3 2, 914, 132 21.7 ’ 
: SF 2 ES ee eee 1.10 99 1,09 1. 05 1,16 1.00 1.16 1.00 1.15 
West South Central: . 
1s RR CR eR ve enae toe nie pie es 15, 721, 893 ry Oe 12, 130, 839 22.8 3, 591, 054 75.9 2, 724, 193 24.1 866, 861 
age RE es Sete einer aa ee 16, 533, 940 75. 2 12, 426, 948 24.8 4, 106, 992 73.0 2, 998, 788 27.0 1, 108, 204 
. EE IN on i oe eed ek eds cocedee 1.05 97 1,02 1.09 1.14 . 96 1.10 1.12 1, 28 
om- Subtotal: 

j No Oe os SaSas co siercteencas dwindle en ea 61, 727, 124 80.4 49, 651, 416 19.6 12, 075, 708 74.7 9,015, 011 25.3 3, 060, 697 
1ed, Ree NE Ss ee a 67, 784, 038 79.1 53, 640, 865 20. 9 14, 143, 173 72,7 10, 285, 216 27.3 3, 857, 957 
vere A oo Re Sees et ee se ee ae 1.10 .98 1, 08 1.07 1 OS 97 1.14 1.08 1,26 

Western regions: 
the Mountain: 
_ ae eee aS ate Ee cha lad tea 7, 476, 867 78.1 } 5, 837, 284 21.9 1, 639, 583 82.0 1, 348, 755 18.0 295, 828 
igh- _ SS ee ee a ee ee: 8,324,525 | 78.0 6, 495, 071 22.0 1, 829, 454 82.2 , 503, 184 17.8 326, 270 
iod. ; sear: 0 RENE NAT ERA IA 111 | 1.00 1,11 1.00 1,12 1.00 1.12 . 99 1.10 
 acific: : 
of UES Ss a Pee N Se avers re Ree 15, 259, 494 83.2 12, 700, 388 16.8 2, 559, 106 56.1 1, 435, 685 43.9 1, 123, 421 
x Mo eos Bins bathe Sa ec wae neie ws eee 16, 703, 515 80.7 13, 486, 242 19.3 3, 217, 273 60.9 1, 959, 729 39.1 1, 257, 544 
ions Mer Neb. oe ke ee 1,09 .97 1,06 1,15 1. 26 1.09 1,37 . 89 1.12 
be- Subtotal: 
PG. ais cxeyelid Satie caness se wena oe nee 22, 736, 361 81.5 18, 537, 672 18.5 4, 198, 689 66. 2 2, 779, 440 33.8 1, 419, 249 
om- i tiia ica wicnde ton Winte wehewlce eae eae ean 25, 028, 040 79.8 19, 981, 313 20. 2 5, 046, 727 68. 6 3, 462, 913 31.4 1, 583, 814 
cop ee eRe. Gee 1,10 . 98 1, 08 1.09 | 1, 20 1,04 1, 25 . 93 1,12 
Te- United States total: 
936 ERS Case aka sch ekasworatand bio Gas easeees 124, 149, 090 80. 4 99, 803, 283 19.6 | 24,345, 807 73.3 7, 837, 894 26.7 6, 507, 913 
RE SS ee ee ee ee eee ee ene eae 137, 512, 099 79. 2 108, 879, 896 20. 8 | 28, 632, 203 72. 5 20, 746, 362 27.5 7, 885, 841 
gle- eee eee eS Se: 1.11 99 1.09 1.06 | 1,18 99 1. 1.03 1, 21 
st 
age ' Percentages of total 1947 travel by passenger cars and by busses is reported separately in table 5. 


- PUBLIC ROADS ® Vol. 25, No. 7 149 








TRUCK COMBINATIONS 

































BiG 
Y J 
Y 



















AVERAGE CARRIED LOAD - TONS 












G 
J 
Zi 









AG 
Z : 
IAAL 


'Y 
‘ 4 
4 








Z Zi 


4 


WS 



















4 
Z 
4 




















Z 

Z 
Z Na 
4 Z 
4 182 
% 182 
Zz 182 
wy y 
4 182 
4 Z 
Yj Z 
Z 187 
y Z 
4 7 


4 4 
4 

Y Z 
YY q 
a4 4 
LY Z 
4 4 
4 4 
y Z 















1936 SSN F 
1937 BSS RY 





Z 
2 $s? 3 
o 2 2 & a 
Figure 5.—Average load carried by trucks 

and truck combinations on main rural 


roads, 1936-47. 


load carried by truck combinations increased 
from 6.9 tons to 9.6 tons, or 39 percent; and 
the average of all types combined increased 
from 2.9 tons to 4.8 tons, or 66 percent. 
Figure 6 shows a comparison, for each year 
from 1936 through 1947, of the ton-miles of 
freight carried by trucks and truck combina- 
tions on main rural roads. The chart demon- 
strates how truck combinations are transport- 
ing each year a larger portion of the total 
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Figure 6.—Estimated ton-miles carried by 
trucks and truck combinations on main 
rural roads, 1936-47. 
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amount of highway freight. In 1936 the truck 
combinations accounted for approximately the 
same ton-mileage as the single-unit trucks while 
in 1947 the ratio increased to more than two to 
one. The sharp increase in the total ton-mile- 
age during the last 3 years is especially striking. 


GREATER PERCENTAGE OF LOADED 
TRUCKS 


In table 8 is shown a comparison of the 
percentage of vehicles carrying loads, the 
average carried load, and the ton-mileage car- 
ried for all trucks and combinations, for single- 
unit trucks, and for truck combinations in 
1947 and in 1946, by census regions. For the 
country as a whole, from 1946 to 1947 the 
percentage of trucks and truck combinations 
carrying loads increased from 51.7 percent to 
53.5 percent, that of single-unit trucks 
increased from 46.4 percent to 48.3 percent, 
while that of truck combinations increased 
from 66.2 percent to 67.1 percent. These 
increases are particularly interesting because 
they reverse a trend of decreasing percentages 
of loaded vehicles that had prevailed since 


the beginning of the war, due probably to the 
use of trucks as passenger cars during the 
period of gasoline rationing and vehicle short- 
age. It is to be noted than even in 1947, over 
half of the single-unit trucks were empty, 
which may reflect the continuing shortage of 
new automobiles. 

As pointed out in the discussion of figure 5, 
the average carried loads for the country as a 
whole were about the same in 1947 as in 1946. 
Table 8 shows that there was no great change 
in any of the regions, the greatest increase 
being 7 percent in the Middle Atlantic region 
and the greatest decrease being 9 percent in 
the Pacific region. 

The ton-mileage transported by all types of 
freight-carrying vehicles, traveling on main 
rural roads, increased about 21 percent in 1947 
compared to 1946; that by single-unit trucks 
increasing 18 percent, and that by truck com- 
binations increasing 22 percent. Increases of 
the 1947 estimates over those for 1946 were 
found in every region both for single-unit 
trucks and for truck combinations. The per- 
centage increases for trucks and truck combi- 
nations combined ranged from 9 percent in the 


Table 8.—Comparison of the estimated 1947 percentage of trucks and truck combinations 
loaded, average carried load, and ton-miles carried on main rural roads, with correspond- 
























ing figures for 1946 
All eee eo Single-unit trucks Truck combinations 
Region and year " all Aver- Aver- 
Per- a Per- | 986 : Per- | 28 
contege| Crear | carried | Centage! Orcare| carried > | Sentage| Of car’ | carried 
ar- - T - r 
loaded ried loaded ried loaded ried 
load load load 
Eastern regions: 
New England: Tons | Thousands Tons | Thousands Tons | Thousands 
| Sa 52.4 3.99 | 1,995,842 | 48.2 2. 24 844,357 | 57.2 9.40 | 1,151,485 
_ SEP a 54.1 3. 99 2, 187, 043 50.5 2.10 860, 482 69.0 9. 56 1, 326, 561 
1947: 1946 ratio---_- 1.03 1,00 -10 1.05 - 94 1,02 1.21 1.02 1,15 
Middle Atlantic: 
ae! 57.7 4.10 | 7,023,600 | 55.8 2.18 | 2,719,736 | 63.4 9.25 | 4,303, 864 
 ARTSREE Spee 52.1 4.40 | 8,025,404 | 48.9 2.35 2, 965, 474 61.2 8.99 5, 059, 930 
1947: 1946 ratio-___- . 90 1.07 1,14 88 1.08 a 97 var 1,18 
South Atlantic: 
Te ee ok cd 53.5 4.79 | 10,637,066 | 48.4 2.38 | 3,494,145 67.0 9.48 | 7,142,921 
SR een 55.7 4.55 | 12, 505, 330 51.6 2.16 4,021, 377 66.8 9. 58 8, 483, 953 
1947: 1946 ratio____- 1,04 - 95 1 1,07 91 3. 1.00 1.01 1.19 
Subtotal: 
sees 54.9 4.44 | 19,656,508 | 51.1 2.29 | 7,058,238} 66.1 9.39 | 12, 598, 270 
ee 54.2 4.44 | 22,717,777 50. 4 2. 22 7, 847, 333 64.9 9.37 | 14, 870, 444 
1947: 1946 ratio. ___- . 99 1.00 . 99 .97 : a | - 98 1.00 1,18 
Central regions: 
ast North Central: 
|. Seteeeeces 57. 2 4.81 | 10,081,218 | 50.5 2.17 | 2,685,088 | 70.6 8.59 | 7,396, 130 
Bie a 59.1 4,92 | 13,116,456 | 52.8 2.18 | 3,337,759} 70.5 8.63 | 9,778, 697 
1947: 1946 ratio____- 1.03 1.02 1.30 1.05 1.00 1,24 1.00 1.00 1,32 
East South Central: 

946 42.7 4.04 2, 761,538 | 38.6 2. 54 1, 304, 071 62.6 8. 60 1, 457, 467 
1947___. 44.6 4,21 3, 384, 394 39.4 2. 52 1, 455, 767 67.3 8. 54 1, 928, 627 
1947: 1946 ratio- 1,04 1.04 1,23 1.02 .99 ay 1.08 . 99 1,32 

West North Centra 
1946_- 55.1 3.72 6, 585, 211 52.2 1.97 2, 582, 219 65. 2 8.74 4, 002, 992 
55.9 3.77 7, 831, 725 53.0 1.93 2, 984, 823 66.3 9.05 4, 846, 902 
1.01 1.01 1,19 1,02 . 98 1.16 1,02 . 04 1. 21 
36.6 4.16 5, 461, 533 31.3 2.65 2, 264, 895 53. 2 6. 93 3, 196, 638 
46.1 4,14 7, 832, 121 41,2 2. 51 3, 105, 59.3 7.19 4, 726, 141 
1. 26 .99 1.32 95 1.37 1. 1. 04 1.48 
48.6 4.24 | 24, 889, 500 43.4 2. 26 8, 836, 273 63.7 8.23 | 16, 053, 227 
52.6 4.32 | 32, 164, 696 7.6 2.22 | 10, 884, 329 66.1 8.34 | 21, 280, 367 
1.08 1.02 1.29 1.10 . 98 8 1.04 1.01 1,33 
Western regions: 
Mountain: 
MUR oc secocciccncsh ae 4.88 | 3,463,639 | 38.1 2.59 | 1,327,577 | 66.8 | 10.81] 2,136,062 
eae 39.8 5.16 | 3,763,238 | 34.5 2.61 | 1,354,717] 64.4 | 11.48] 2,408, 521 
1947: 1946 ratio_-_-_- . 92 1.06 1.09 - 91 1.01 1.02 . 96 1,06 1,13 
Pacific: 
See 62.0 8.12 | 12, 882, 143 53.3 2.45 1, 878, 801 73.1 13.40 | 11,003, 342 
REA 62.8 7.40 | 14,964,484 | 54.9 2.35 | 2,523,948 | 75.3 | 13.14 | 12,440,536 
1947: 1946 ratio. __.- 1.01 91 : 1.03 - 96 1.34 1,03 - 98 1,13 
Subtotal: 
ae 54.7 7.12 | 16,345, 782 46.0 2. 51 3, 206, 378 71.8 12.90 | 13, 139, 404 
| | Relea T 54.5 6.81 | 18,727,722 | 46.0 2.43 | 3,878,665 | 73.0 | 12.84 | 14,849,057 
1947: 1946 ratio____- 1.00 . 96 1.15 1.00 .97 1.21 1,02 1.00 1.13 
United States total: . 
CC ae 51.7 4.84 | 60, 891, 790 46.4 2.31 | 19,100,889 | 66.2 9.70 | 41, 790, 901 
, eee 53.5 4.81 | 73,610,195 48.3 2.26 | 22,610, 327 67.1 9.63 | 50, 999, 868 
1947: 1946 ratio. ___- 1.03 . 99 1.21]. 104 98 1.18 1.01 .99 1, 22 
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Table 9.—Percentage of vehicle-miles of travel, percentage loaded, average carried load, and percentage of total ton-miles carried by 
various types of trucks and truck combinations on main rural roads in the summer of 1947 




































































Eastern regions Central regions Western regions 
ies | United 
Vehicle type r . } States 
7 ry 4 East East West West 
Eaend _—- _. Average | North South North South | Average —— Pacific | Average | 2Verage 
Central | Central | Central | Central | 
| | 
PERCENTAGE OF VEHICLE-MILES OF TRAVEL 
i“ | 
Single-unit trucks: | 
Pend! end pilok-up......-...........<... 34. 02 23. 42 29. 25 27.60 23.15 33. 59 24.88 | 36.77 | 28.89 43.73 20.19 28. 72 28. 44 
Other 2-axle, 4-tired - -...-..------------ 3.30 7. 60 3. 23 4.86 1.19 3.03 5.36 | 2.51 | 2.91 1. 96 8.49 6.12 4.12 
Other 2-axle, 6-tired ---..-...---.----..- 40. 68 39. 46 36. 91 38. 26 36.19 43.19 47.14 | 32.85 | 38.99 34. 32 18. 80 27. 43 36.18 
Three-axle__----- Seat es cenehaas Sean 2.15 3. 23 3.77 3.40 3. 84 1.59 92 | .89 | 1.93 2.16 13. 43 9.35 3.72 
All single-unit trucks_---...----.--- 80. 15 73.71 73.16 74.12 64.37 81. 40 78. 30 73.02 | 72.72 82.17 60. 91 68. 62 72. 46 
Truck combinations: | 
Tractor-truck and semitrailer_.........-| 19.76 26.15 26.77 25. 79 34.12 18. 60 20.73 | 25.36 | 26.07 15.01 23.33 20.31 24. 96 
Qo 2 ee .09 .14 .07 .09 Be On. ceaxtes .97 | 1.62 1.21 2.82 15. 76 11.07 2. 58 
All truck combinations-_-.-_------.--- 19. 85 26. 29 26. 84 25. 88 35. 63 18. 60 21.70 | 26.98 27.28 17.83 39.09 31.38 27.54 
All trucks and truck combinations-_-_-_------ 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 | 100. 00 | 100. 00 100. 00 100. 00 100. 00 100. 00 
PERCENTAGE LOADED 
Single-unit trucks: | | 
Sener Se see... so ee 44.6 41.6 42.1 42.3 42.6 25.9 44.9 | 38.8 39.2 23.7 45.7 33.5 39. 2 
Ogher 2-anse, €-tired . ................<.- 53.8 38.7 49.2 43.4 61.8 39.0 50.6 | 46.9 | 49.6 36.3 67.3 63.7 50.9 
Other 2-azks, 6-tired ..<...-.........-.-.- 54.9 55.3 58.0 56.6 58.1 49.3 57.5 | 43.7 53.1 47.4 60.0 53.6 54.4 
|, a eee eee eee 54.7 47.6 64.2 57.7 62.1 54.8 56.0 | 34.6 56.9 48.9 53.6 53.2 55.5 
(a ae eee 50.5 48.9 51.6 50.4 52.8 39.4 53.0 | 41.2 47.6 34.5 54.9 46.0 48.3 
Truck combinations: | 
Tractor-truck and semitrailer__---..-..- 68.9 61.1 66.7 64.8 71.2 67.3 65.9 | 58.2 66.1 65.6 80.7 76.7 67.2 
pi eee 88.6 86. 2 72.8 81.5 So 1 .2-. 75.2 | 76.2 67.5 57.4 7.3 66.3 66.8 
| DS ASE SESE eee Sa 69.0 61.2 66. 8 64.9 70.5 67.3 66.3 | 59.3 | 66.1 64.4 75.3 73.0 67.1 
Average, all trucks and truck combinations.. 54.1 52.1 55.7 54.2 59.1 44.6 55.9 | 46.1 | 52.6 39.8 62.8 54.5 53.5 
| | 
AVERAGE CARRIED LOAD, IN TONS 
Single-unit trucks: 
Pens ene piee-ap..;................>.- 7 42 . 64 59 61 . 54 . 52 . 82 . 66 . 96 46 . 65 63 
Other 2-axle, 4-tired ...........-.-.---.. 1. 43 93 1.45 1.18 . 92 . 86 1.02 | 1.7 1.17 1. 94 1.51 1. 54 1,29 
Other 2-axle, 6-tired__---..---.-----.--- 2. 87 3.01 2.69 2.83 2. 66 3.12 2.55 | 4.13 | 2.98 3.41 2.39 2. 85 2.91 
RONIR oc oe yt cd 6.31 8.05 5. 66 6.39 4.79 9.77 5.15 | 8.53 | 5.65 6. 46 5.38 5.47 5. 80 
re ip ala eee 2.10 2. 35 2.16 2. 22 2.18 2. 52 1.93 | 2. 51 2.22 2.61 2.35 2. 43 2. 26 
Truck combinations: | 
Tractor-truck and semitrailer------_---- 9. 50 9. 00 9.59 9. 36 8. 36 8. 54 9. 36 | 7. 50 8.37 10. 87 11.97 11.72 9. 25 
gin eee 18. 99 8. 66 7.81 9. 53 Perl 220. 3.2 | 3:61 a 15.15 15. 22 15. 22 13.38 
TE sic tcctiicnnsaccesceecscees 9. 56 8.99 9.58 4 9.37 8. 63 8.54 9.05 | 7.19 8. 34 11. 48 13.14 12. 84 9. 63 
Average, all trucks and truck combinations. - 3. 99 4. 40 4.55 4.44 4. 92 4.21 3.77 4.14 4.32 5.16 7.40 6.81 4.81 
PERCENTAGE OF TON-MILEAGE CARRIED 
Single-unit trucks: 
Panel and pick-up_...........-.-------- 5.12 1.79 3.11 2. 84 2.08 2.51 2.74 6.16 3.28 4.82 - 90 1.69 2.74 
Other 2-axle, 4-tired_.............:....-. 1.18 1.19 91 1.03 . 23 . 54 1.32 1.10 .74 . 67 1.86 1.62 1.06 
Other D-axle; Gtired ................-...- 29. 62 28. 58 22. 73 25. 46 19. 21 35. 41 32. 79 31.03 27.10 27.10 5.7 10.07 22. 26 
yr ee 3.42 5.39 5.41 5. 21 3. 93 4.55 1. 26 1.37 2.72 3.41 8.32 7.33 4.66 
All single-unit trucks_-----.--..-.-- 39. 34 36. 95 32. 16 34. 54 25. 45 43.01 38. 11 39. 66 33. 84 36. 00 16. 87 20. 71 30. 72 
Truck combinations: 
Tractor-truck and semitrailer-__--- aaa 59. 95 62. 60 67.69 65.15 69. 83 56. 99 60. 78 58.00 63. 40 52.07 48.44 49.17 60. 32 
goo eee By at 45 15 31 AeA ieee 1.11 2.34 2.76 11. 93 34. 69 30. 12 8. 96 
All truck combinations-_---_--------- 60. 66 63.05 67. 84 65. 46 74. 55 56. 99 61. 89 60. 34 66. 16 64. 00 83.13 79. 29 69. 28 
All trucks and truck combinations-___------ 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100.00 100. 00 









































Mountain region to 43 percent in the West 
South Central region. 

Table 9 gives detailed information concern- 
ing the percentage distribution of vehicle- 
miles of travel, the percentage of vehicles 
carrying loads, the average carried load, 
and the percentage distribution of ton-miles 
transported by each type of vehicle in each of 
the census regions. Many interesting and 
useful comparisons can be made from this 
table. For instance, while panel and pick-up 
trucks in the New England region travel 34 
percent of the vehicle-miles, they account for 
only 5 percent of the ton-mileage; in the same 
region the tractor-semitrailer combinations 
travel less than 20 percent of the vehicle- 
miles but account for almost 60 percent of the 
ton-mileage. 

From the portion of table 9 showing the 
Percentage of vehicles carrying loads, by 
types, it can be observed that, for the country 
4 a whole, the panel and pick-up trucks are 
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found empty over 60 percent of the time, 
probably indicating that they are being used 
frequently for the transportation of persons in 
lieu of passenger cars. The percentage of 
vehicles carrying loads increases directly as the 
size of the vehicle type, and the truck-com- 
bination type is loaded 67 percent of the time. 
There are variations from the general trend 
in some regions because of local conditions, 
as would be expected. 

The detailed data concerning the average 
carried load for the various vehicle types 
show that carried loads increase regularly 
as the size of the vehicle-type increases ex- 
cept that, in some regions, average carried 
load for the truck and trailer combinations is 
low, probably due to the prevalence of light 
home-made types of trailers. 

The percentages of ton-mileage carried by 
vehicle types are particularly useful in 
judging the relative importance of any portion 
of the freight-earrying traffic.. The table 


shows that the bulk of all freight movement 
in each area is hauled in the heavier vehicles. 
As has been pointed out previously, the data 
collected in past surveys indicate that travel 
by the heavier vehicles is steadily increasing, 
a fact that will make a comparison of future 
tables of this type with that for 1947 of great 
importance. 

Figure 7 shows, for the United States as a 
whole, the frequency of gross weights of 
30,000 pounds or more, of 40,000 pounds or 
more, and of 50,000 pounds or more. These 
heavy weights are much more frequent than 
in the prewar (1936-41) period. The fre- 
quency in the heaviest category did not 
increase from 1946 to 1947, however, and 
those in the other two categories declined 
somewhat, indicating that the upward trend 
in gross weight frequencies may have been 
halted, at least temporarily. 

The gross weight data by vehicle type and 
region are presented in table 10. Heavy gross 
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Table 10.—Number of heavy gross weights per 1,000 loaded and empty trucks and truck combinations of various types on main rural 
roads in the summer of 1947 and of all types in the corresponding period of 1946 










































Eastern regions Central regions Western regions 
j= 
Vehicle type East East West | West tates 
New | Middle} South ss 7 r Moun- * average 
Ae ; | Average| North South | North | South | Average Ps Pacific | Average : 
England) Atlantic | Atlantic Central | Central | Central | Central tain 
NUMBER PER 1,000 WEIGHING 30,000 POUNDS OR MORE 
Single-unit trucks: 
EE ne ee 0 0 0 0 0 0 0 0 0 0 0 0 0 
as a ecru RERNSEIN 3 0 0 (4) 0 0 0 0 0 0 0 0 (1) 
I oh adataan naan demange 22 16 1 9 0 0 ] (1) (1) 1 1 1 3 
ot a os alia aeons 251 18] 102 140 230 164 96 80 187 123 186 181 171 
Average.......-- panera ilet Dil aadu dbneesskad aoa mabeia 18 12 4 9 4 3 2 1 2 4 21 14 6 
Truck combinations: 
Tractor-truck and semitrailer____--..--.--.-------- oe 515 432 427 436 480 426 484 332 432 475 578 548 449 
IE PID oo nscccsccsecccesese ea ee 689 99 0 121 651 0 2 110 413 723 712 713 617 
EE uni ndktsbaaeetinateb nbs Sensewasowsameee 516 430 427 436 490 426 464 319 431 519 628 603 464 
Average, all trucks and truck combinations, 1947____--.-_-- 127 116 95 107 154 79 123 87 116 90 197 158 120 
Average, all trucks and truck combinations, 1946--._--._--- 118 149 125 133 194 121 112 65 124 92 193 154 132 
NUMBER PER 1,000 WEIGHING 40,000 POUNDS OR MORE 
Single-unit trucks: 
isi ciincnbradieddcoknetbaxcxwowee® 0 0 0 0 0 0 0 0 0 0 0 0 0 
EN ONIN 6 sis cca nensndcesedwnennnannnesel 0 0 0 0 0 0 0 0 0 0 0 0 0 
ISR ee 1 1 0 (1) 0 0 0 0 0 0 (1) (1) (1) 
(RR Se aS eee eS re 115 31 0 19 10 32 9 35 15 24 28 27 22 
het th nchantin adididce sate daeide ranei nce eaaa a 3 2 0 1 () 1 (1) (4) (1) 1 3 2 1 
Truck combinations: 
Tractor-truck and semitrailer__.............-.------- 285 215 173 198 227 132 236 114 187 273 433 385 217 
Ss dct ewhidn ae eenieitns 689 0 0 67 465 0 0 75 236 436 453 451 386 
Ee ee RE SRE « 292 213 173 198 241 132 224 112 189 298 441 408 232 
Average, all trucks and truck combinations, 1947-__.------ 64 55 39 48 76 25 55 31 50 52 120 95 57 
Average, all trucks and truck combinations, 1946--..------ 53 80 44 58 80 41 45 18 47 53 133 102 60 
NUMBER PER 1,000 WEIGHING 50,000 POUNDS OR MORE 
Single-unit trucks: 
a is de cid acuinin as omemae wanna baled 0 0 0 0 0 0 0 0 0 0 0 0 0 
|! UES eee 0 0 0 0 0 0 0 0 0 0 0 0 0 
Co SEES a eee 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pc anncdececscce a ee 11 0 0 1 10 0 9 18 10 0 0 0 3 
eR a oi alan aeaialae (!) 0 0 () (1) 0 (?) (4) () 0 0 0 (!) 
Truck combinations: 
Tractor-truck and semitrailer_................-.-.--- 74 58 34 46 88 . 14 93 26 64 150 314 265 84 
ESTELLE TEER EE 689 0 0 67 356 0 0 75 182 321 371 366 163 
oe ih iene hia Seninciriiingeamacicwouaumaue 82 57 34 47 104 14 88 29 70 180 337 301 92 
Average, all trucks and truck combinations, 1947. ..._.._.- 17 14 8 11 45 3 20 8 22 31 87 67 26 
Average, all trucks and truck combinations, 1946__.__..--- 9 25 6 13 36 4 14 6 17 31 104 75 26 












































1 Less than 5 in 10,000. 


weights are much more frequent in the Pacific 
region than in other parts of the country: 
87 out of each 1,000 trucks and truck com- 
binations on the main rural highways, 
empties included, weighed 50,000 pounds or 
more in 1947. This, however, is a drop from 
the 1946 figure of 104 for each 1,000 in this 
heavy category. These vehicles are entirely 
of the truck-combination type; approximately 
one-third of all combinations observed, or 
approximately one-half of the loaded ones, 
weighing 50,000 pounds or more. In the 
South Atlantic and the two South Central 
regions, these heavy gross weights were less 
than one-tenth as frequent as in the Pacific 
region. 


HEAVY AXLE LOADS MORE FREQUENT 


From figure 8, the rapid increase in heavy 
axle-load frequencies since the prewar (1936- 
41) period is apparent. Axle loads in excess 
of 22,000 pounds increased in frequency year 
by year throughout the period, rising from 
2 per 1,000 vehicles in the prewar years to 
14 per 1,000 vehicles in 1947, an increase of 
almost 600 percent. Somewhat lesser increases 
occurred in the frequencies of axle loads from 
18,000 to 22,000 pounds. 
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Since the increases in axle-load frequencies 
are of the greatest significance in road and 
bridge design, it is worth while to examine the 
data by vehicle type and region, as presented 
in table 11. Though the greatest frequency 
of heavy gross weights is in the Pacific region, 
as previously shown, the lowest frequency of 
heavy axle loads is in that same region. The 
greatest frequency is in the Middle Atlantic 
region, and the next greatest in the New Eng- 
land region. Further, the frequency of axle 
loads of 22,000 pounds or more increased from 
1946 to 1947 in each region except the Pacific 
and Mountain regions, where the compara- 
tively low values of 1946 continued to prevail. 

The relative infrequency of heavy axle 
loads in the Pacific region in the presence of a 
high frequency of heavy gross weights 
undoubtedly indicates a better distribution of 
load over a larger number of axles, on the 
average. In the Middle Atlantic and New 
England regions, however, it is the tractor- 
truck-semitrailer combinations rather than 
single-unit trucks which account for most of 
the heavy axle loads. This may be due to 
differences in the design of the prevalent types 
of combinations, to differences in State laws, 
or to differences in enforcement practices. 
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Figure 7.—Number of heavy gross weights 
per 1,000 trucks and truck combinations 
(empties included) in the summers of 
1942-47 and a prewar year. 
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al Table 11.—Number of heavy axle loads per 1,000 loaded and empty trucks and truck combinations of various types on main rural roads 
in the summer of 1947 and of all types in 1946 
a Eastern regions Central regions Western regions 
eg sey 
Vehicle type , r tates 
Be ’ 3 : East East West West 
New Middle | South = 7 Moun- * average 
: ;,| Average! North | South | North | South | Average ; Pacific | Average 
England/ Atlantic | Atlantic Central | Central | Central | Central tain 
= NUMBER PER 1,000 WEIGHING 18,000 POUNDS OR MORE 
) Single-unit trucks: 
ee an oe rey ee eter’ 0 1 0 (!) 0 3 0 0 (1) 0 0 0 (1) 
3 eS EE era 10 0 0 1 0 0 0 0 0 0 0 0 () 
| Other deme. Gtired <2 eck 51 47 13 30 8 22 5 6 9 15 15 15 17 
} ER SRE ee ree Eee ee eee ee 105 46 15 32 65 37 23 38 53 32 33 33 38 
a a ek 28 32 7 19 6 14 3 3 5 7 15 12 7 
) Truck combinations: 
7 Tractor-truck and semitrailer_..................--.-- 401 510 282 380 223 200 226 152 200 189 145 158 258 
{ ee ee ee ene 0 100 0 55 473 0 3 123 252 77 1} 68 69 116 
cS ee ae ee oe en oe ey 401 508 281 77 237 200 214 150 203 169 114 | 127 245 
) 
2 Average, all trucks and truck combinations, 1947---____- 126 152 74 109 103 54 57 43 66 35 44 41 76 
; Average, all trucks and truck combinations, 1946-- --__-- 88 151 80 107 93 39 49 13 50 46 42 44 68 
_ NUMBER PER 1,000 WEIGHING 20,000 POUNDS OR MORE 
) Single-unit trucks: 
) a ae ee eee a ee Te 0 0 0 0 0 0 0 0 0 0 0 0 0 
) ee Oe as 7 0 0 (1) 0 0 0 0 0 0 0 0 (1) 
2 olen I ONO So os nee ck cccccc wesc oenc 33 28 5 17 3 6 1 0 2 7 4 5 8 
1 eae Getcencaccks stuns ncesncenems ea caawnwen 44 25 10 18 0 12 9 19 5 0 3 3 4 
EN iro ots cae a mama dia cactgluletitaaone es 18 19 3 9 2 3 1 (!) 1 3 3 3 4 
7 Truck combinations: 
6 Tractor-truck and semitrailer__....................-- 246 316 120 205 77 79 73 56 70 75 41 51 115 
2 CE ION Sanco amnceconwanticuancwesvguekce 0 0 0 0 183 0 2 63 102 13 4 5 
J SE aaa Reardon aE EE Se 246 314 120 204 83 79 69 56 72 64 26 35 108 
0 Average, all trucks and truck combinations, 1947- -.____- 74 93 32 59 36 22 18 15 23 13 9 ll 33 
Average, all trucks and truck combinations, 1946- --____- 50 85 27 ", ae 27 16 13 4 15 16 6 10 26 
=. NUMBER PER 1,000 WEIGHING 22,000 POUNDS OR MORE 
0 Single-unit trucks: 
0 IRN Ss coe ne 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 ine SN SOO 5 50s es secs 7 0 0 1 0 0 0 0 0 0 0 0 (1) 
3 Clery eeene, GING oe ok caer cos sensasee cdots 19 14 2 9 0 1 (1) 0 () 2 2 2 3 
) I occ ee gen hers ane ccacdnueoens 4 6 10 8 0 0 9 0 1 0 0 0 3 
nn SE SE ea eee 10 9 2 4 0 (1) (1) 0 (’) 1 1 1 2 
34 Truck combinations: 
‘ Tractor-truck and semitrailer___-_.-......--...---.--- 150 171 42 100 24 28 17 19 22 31 5 13 48 
2 IOI orc gasaewcucemunnceowweduesees 0 0 0 0 48 0 0 16 27 3 1 1 8 
incest b ecu benegencdgecwseescaeeas 150 170 42 100 25 28 16 19 22 26 3 9 45 
° Average, all trucks and truck combinations, 1947--_-___- 40 50 12 29 10 9 5 5 7 5 2 3 14 
Average, all trucks and truck combinations, 1946_---___- 21 42 10 23 6 5 | 3 1 5 2 3 10 
1 Less than 5 in 10,000. 
bas AXLES WEIGHING 18,000 POUNDS OR MORE Table 12 shows that the high frequency of policy by the American Association of State 
— ne = 6s heavy axle loads in the Middle Atlantic and Highway Officials and recommended to the 
at 4 ae ee ee ee Ee New England regions, as compared to the various State governments for adoption.® 
oom FS be Pacific region, was probably not due to differ- This policy recommends that no axle shall 
” a ee ences in enforcement practices. Inthe Pacific carry a load in excess of 18,000 pounds and 
60 peed bood boot bot | region, 58 of each 1,000 trucks and truck com- __no group of axles shall carry a load in excess 
il Sree 7 . + . . . : * 
ee | Ee bee binations were overloaded, according to State of amounts specified in a table of permissible 
q r laws, as compared to 41 for the Middle weights based on the distance between the 
: Atlantic and 35 for the New England regions. extremes of any group of axles. 
rae The number of overloaded truck combinations The data indicate that the recommended 
| : per 1,000 vehicles of this type was 155 in the axle-load limits are exceeded more frequently 
+] “ Pacific region, 123 in the Middle Atlantic than are the other weight limits. In table 13 
~ . . _ *. ° . 
yp: region, and 129 in the New England region. is shown the number of axles per 1,000 vehicles 
i Bs The figures do show, however, that the over- of various types that exceeded the axle-load 
me FT loading of truck combinations considerably in limit of 18,000 pounds recommended by the 
YY 3 excess of legal limits was slightly less common A, A. S. H. O., and the number exceeding 
YY ; in the Pacific region than in the Middle these limits by various percentages. This 
Ug Atlantic and New England regions. The table emphasizes again the high frequency of 
number of combinations overloaded more than heavy axle loads in the Middle Atlantic and 
20 percent above the legal limit per 1,000 New England regions. 
y vehicles of that type amounted to 16 in the 
y k ; Pacific, 24 in the Middle Atlantic, and 19 in (Text continued on page 187. Tables 12-15 are on 
= 1942 1943 1944 1945 1946 1947 the New England region. pages 154-155.) 
947 — 
; 1 ° . —_ * * = of motor vehicles to be operated over the highways 0 
ations 000 trucks and truck combinations Uniform regulations concerning maximuM 16, adopted April 1, 1946, by the American Association 
weil (empties included) in the summers of allowable gross weights, axle weights, and of State Highway Officials; published by the Association, 
1942-47 ana a prewar year. axle-group weights have been adopted as a _ 1946. 
ROADS 
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Table 12.—Number of trucks and truck combinations, per 1,000 Table 13.—Number of axles, per 1,000 loaded and empty trucks 
loaded and empty vehicles, that exceeded the permissible axle, 
axle-group, or gross-weight laws in effect in the States by various 


percentages (maximum) of overload, in the summer of 1947 





and truck combinations, that exceeded the permissible axle-load 
limit of 18,000 pounds recommended by the A. A. S. H. O. by 
various percentages of overload, in the summer of 1947 





Number per 1,000 
th 


overloaded more 











Number 
Region and type of vehicle — | | 
loaded | 5 per- | 10 per-| 20 per-| 30 per- wd 
cent | cent | cent | cent aa 
New England: 
I. nc cccccccceccces| stsus he “ na a és 
Other 2-axle, 4-tired_......-.-...----- 7 as ae on es iis 
Other Dazie, 6-tired.................- 19 16 13 6 5 (4) 
I ie chesosheencnenan 69 52 43 4 ake Ses 
Average, single-unit trucks---_---- 12 10 8 3 3 (1) 
Tractor-truck and semitrailer -_------ 126 89 59 19 6 1 
2... Sse 689 689 689 pene wate fois 
Average, truck combinations - ---- 129 92 62 19 6 1 
Avg., all trucks and combinations. -- 35 26 19 6 4 (1) 
Middle Atlantic: 
a eae meee enn sires news aie -- 
Other Saute, 4tived..................] ....< ro aan ue eee ‘ 
Other 2-axle, 6-tired__.......---.----- 14 10 6 2 1 (1) 
. ssi” ERA 89 85 43 26 9 “5 
Average, single-unit trucks- --_---- 11 9 5 2 1 (1) 
Tractor-truck and semitrailer__------ 124 87 54 24 10 3 
Sa ieee ~—<_ ‘ds bat as om 
Average, truck combinations -- -_-- 123 86 54 24 10 3 
Avg., all trucks and combinations - - - 41 29 18 8 3 1 
South Atlantic: 
a ee meee aoe, ae ab = oa 
Gener Sanne, 640G....-....-..-..5..) .-.5- = vam sti oo = 
Other 2-axle, 6-tired.............-..-.- 4 3 3 2 (1) soi 
EE nee idietctbninaen anne 34 34 30 25 15 5 
Average, single-unit trucks-------- 4 3 3 2 1 (1) 
Tractor-truck and semitrailer_---.--- 186 138 98 39 14 3 
ye wu shi aes ee ies act eal 
Average, truck combinations - -_-- 185 138 98 39 14 3 
Avg., all trucks and combinations. -- 53 39 28 12 4 1 
Fast. North Central: 
UT I aecnnccecncscewe| sose- oe i ‘ aes a 
og NE eee ae pele — ses aos a 
Other 2-axle, 6-tired_......-....------ 1 1 1 wee Se i 
I seiicadénennysdandeqewaress 277 204 158 136 68 on 
Average, single-unit trucks -_--- 19 14 11 9 11 - 
Tractor-truck and semitrailer__----_- 177 139 101 51 30 5 
Qo) I EEE 307 261 220 139 87 23 
Average, truck combinations. - ---- 184 146 108 56 33 6 
Aveg., all trucks and combinations. -- 77 61 45 26 19 2 
East South Central: 
a 1 rng ome ade = 
oe a ee meee ei _— ole == a 
Other 2-axle, 6-tired_............----- 4 3 1 1 ne = 
ET 88 71 60 48 39 36 
Average, single-unit trucks--.--.--- 4 3 2 1 1 1 
Tractor-truck and semitrailer_-_------ 122 92 54 25 6 1 
od a ae aad os =e ade i 
Average, truck combinations - --_- 122 92 54 25 6 1 
Avg., all trucks and combinations. - 26 20 12 5 2 1 
West North Central: 
es eee inioia nie = — =: 
Oe. ES eee eee aaais dirs ‘ aes 4 
Other 2-axle, 6-tired_............-.-_- 1 (!) () (4) (’) (4) 
SE a eee 59 42 32 9 9 9 
Average, single-unit trucks---_--__- 1 1 (4) (4) (‘) (4) 
Tractor-truck and semitrailer_.____- 183 129 79 30 13 1 
ER  nitkcicanwuctionl dese wes oat rare oe as 
Average, truck combinations. . ._-_- 173 122 75 28 12 1 
Avg., all trucks and combinations. -- 38 7 16 6 3 (4) 
West South Central: 
SS eee Sees ee - << _ 4 = 
Other 2-axle, 4-tired...........-......] ...-. a ae “Ss daa al 
Other 2-axle, 6-tired.............._..- 3 9 2 1 ay = 
(id 29 18 18 ae es =i 
Average, single-unit trucks_ .-__-_-_- 2 1 1 (4) Z 
Tractor-truck and semitrailer__-____- 108 83 48 21 8 (}) 
‘Trwen end Waler...................- 97 97 85 85 16 8 
Average, truck combinations - -_-- 107 84 50 25 8 (). 
Avg., all trucks and combinations. - 30 23 14 7 2 (4) 
ountain: 
beeen sire denis —_ ea eee = 
Other 2-axle, 4-tired_.............--- amas % ac cies = ee 
Other 2-axle, 6-tired_..............__- 4 4 3 a 
<A ae a 32 16 3 aes en “ 
Average, single-unit trucks... _.__- 3 2 1 () (1) ad 
Tractor-truck and semitrailer_______- 148 105 86 32 ll 4 
yj SS eee 134 93 62 16 3 a 
Average, truck combinations... __- 146 103 82 29 10 3 
Avg., all trucks and combinations __ 28 20 15 5 2 1 
Pacific: 
UO. cccnccucceusen| sease is ate nid ro = 
Gener Sante, 64ived...................] ..... aa aie ws au sil 
Other 2-axle, 6-tired_..............__- 10 8 6 4 1 a 
idnictttancnnncensocennetae 26 12 12 2 fa! at 
Average, single-unit trucks_-._____- 9 5 5 2 (’) oe 
Tractor-truck and semitrailer____- ie 151 94 57 22 6 2 
We et oc occcnc...-a-2- 160 94 43 6 1 ae 
Average, truck combinations......| 155 OF 51 16 4 1 
Avg., all trucks and combinations. - 58 35 20 7 1 (4) 
United States average: 
Panel and pick-up_-...............-- () ntl os ue sili sé 
Other 2-axle, 4-tired_........_.......- (?) ath nee is wats ean 
Other 2-axle, 6-tired.........__!..___- 5 4 3 1 (‘) (4) 
EE Skcuivcebesddewanuuctsesss 78 57 44 31 16 2 
Average, single-unit trucks. ______- 7 5 4 2 1 (') 
Tractor-truck and semitrailer______. 154 113 75 33 14 2 
Truck and trailer_._...........- Saas 159 109 68 30 13 a 
Average, truck combinations. _ ___- 54 113 74 33 14 2 
Avg., all trucks and combinations - _- 46 34 23 |; 10 4 1 
' . 
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er per 
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cent | cent | cent | cent | P* 
cent 
New England: 
Ba eee Seenmnees nN Samra, Sheeler! eee = 
Other Dante, 4-Cived................... TE, eS a Pe Cee ed 
Other Sazie, 6tired.................. 39 38 32 20 12 6 
| See ee eee 91 56 49 2 a Se 
Average, single-unit trucks. _-_--_-.- 23 21 18 10 6 3 
Tractor-truck and semitrailer--__- oa 451 371 285 161 72 8 
cL ee sae ee ee: Se eee oe 
Average, truck combinations--_.-- 449 369 284 160 72 8 
Avg., all trucks and combinations 108 90 71 40 19 4 
Middle Atlantic: 
eS Sees ae Re Sees AO 3 
i ON SS Se Se ee eS ee a 
Other 2-axle, 6-tired.................- 32 29 24 15 6 1 
I oon cence 46 34 31 A ae Se 
Average, single-unit trucks. -_--_- 19 17 14 8 3 1 
Tractor-truck and semitrailer-_----__- 503 418 327 195 105 25 
eo ESE TE) CR a, Se ane 
Average, truck combinations. - ..-- 500 415 325 194 104 25 
Avg., all trucks and combinations__. 146 122 96 57 30 7 
South Atlantic: 
Panel and pick-up--------- arene owre ee ee Pees Seal eee 
Cl RL es eee) es SE Cee ese See se 
Other 2-axle, 6-tired- 5 4 3 2 1 sand 
pO ee oe 15 10 10 10 5 5 
Average, single-unit trucks_-_--_-_- 3 3 2 2 1 (') 
Tractor-truck and semitrailer-_-_- on 259 185 126 45 17 5 
go 8 2 See Se!) en! SET CA Ae Be 
Average, truck combinations. - -_-- 258 184 126 45 17 5 
Avg., all trucks and combinations- - - 71 52 35 14 5 1 
East North Central: 
Ee Se SRN See) SEMeee nS, ees = 
CS ee: A es See SER See Se Ree 
Other 2-axle, 6-tired_._._-._- Seyret 1 1 Re SSE Ss, Ecoeae a 
eo, ee eee 119 23 23 ay ee Tene 
Average, single-unit trucks. .--_-- 8 2 2 . & SSS ae 
Tractor-truck and semitrailer-_--_--_.-- 199 136 80 26 9 (?) 
By, to eee 520 347 225 76 a 1... 
Average, truck combinations. - --_-- 217 148 88 29 10 (') 
Avg., all trucks and combinations- - - 82 54 32 12 4 (‘) 
East South Central: 
Panel and pick-up-.--.-.-.. -...-...-- oy eee! es |e ee oe ee “ 
Cener Saxe, 4-418... .<.-......-|.- eee.) aS ESS eee! ae Pes Es 
Other 2-axle, 6-tired_............___-- 4 3 1 i Seen : 
Rais acoder centeeesainewed 18 18 18 a rel 
Average, single-unit trucks_-._.-.-- 3 3 1 Oh ae oe 
Tractor-truck and semitrailer-_-----_- 163 114 69 26 5 1 
J. Uf EP BS Cee es S| es eee S ie 
Average, truck combinations. - ---- 163 114 69 26 5 1 
Avg., all trucks and combinations. -- 33 23 14 6 1 (') 
West North Central: 
I ET I es ioeec mace Beas aene inn oame ioeaeeostoaeaken 
NDS SE ES SE S| eS See 
Other Senule, 6-tired.................. 1 1 (4) (4) (4) ve 
po SAE eon 23 11 Dhan ve 
Average, single-unit trucks_______- 1 1 (1) (4) ey fRc.5 
Tractor-truck and semitrailer_____._- 207 158 77 23 6 1 
URE Sees Sess: Ce Sees eee Nome cette’ 
Average, truck combinations- -_.__- 196 149 7 22 6 1 
Avg., all trucks and combinations. __- 43 33 16 5 1 (') 
West South Central: 
Nk onaccutakasul aeutsesenisdie cele s~~een aanessslaaesens |---- 
0 LO ee (a ee ee ae eee |---- 
Other 2-axle, 6-tired--...........-.-- 3 2 2 |p eee ae 
I iio ri rics tae nc dncecousws 35 35 Se) ae eee fines 
Average, single-unit trucks _-.____- 2 1 1 i ee onsen 
Tractor-truck and semitrailer-______- 129 98 57 22 7 | @ 
0 Eee 145 145 56 16 1 | 8 
Average, truck combinations. --_-_- 130 101 57 22 8 | (!) 
Avg., all trucks and combinations- -- 37 28 16 6 + | © 
Mountain: | 
EEE NE Cee) eel eee een Ontos | 
oY OS” See ere Sere alee Sea Se = 
Other 2-axle, 6-tired _ -..............- 4 4 3 I i ewes 
oe aera 32 7 i, Sameer, eae ew se 
Average, single-unit trucks -_--.__-- 3 2 : (4) i 
Tractor-truck and semitrailer_____._- 154 108 72 31 13 | 3 
Truck end well ....<....<.....5.:.. 80 29 17 eS a |---= 
Average, truck combinations______- 142 96 63 27 mi 
Avg., all trucks and combinations_ - - 28 19 12 5 sy} = 
Pacific: | 
EEL, SOR ee! ee eaet SERS A meees:) Sy eenemeRs - 
Re Sess AE FE ES: Wa -|- oa 
Other 2-axle, 6-tired _-............--- 10 8 6 4 1 |---- 
eS eee 14 5 | Snes Pease ~wse 
Average, single-unit trucks -_.____- 6 4 2 1 (1) 
Tractor-truck and semitrailer--____-- 125 65 7 14 a 
Truck and traiier...<...............- 98 39 | 16 D. Biicaccns |---= 
Average, truck combinations - -__-- 114 55 | 20 an ee 2 
Avg., all trucks and combinations - _- 42 21 11 4 a () 
United States average: | | 
Panel and pick-up.-................. a SES Se ae eee aera ---- 
Other 2-axle, 4-tired__...........-.-- a eae SaEeS Pee nee ee 
Other 2-axle, 6-tired._............--- 9 a a ei Sh 
., See ee: | 37 14 11 7 | 1 1 
Average, single-unit trucks ____.__- 6 | 58 2 1 | (1) 
Tractor-truck and semitrailer___---_- 239 | 178 | 119 | 54 | 2 | 5 
‘Syuen ann Weller... ........-.5.--..< 146 84 44 12 | 4] 1 
Average, truck combinations--_-.-_.- 231 169 112 50 22 | 5 
Aveg., all trucks and combinations. - - 66 | 49 33 15 | ey im 
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1 Less than 5 per 10,000. 
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1 Less than 5 per 10,000. 
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ucks Table 14.—Number of trucks and truck combinations, per 1,000 Table 15.—Number of trucks and truck combinations, per 1,000 
load loaded and empty vehicles, that exceeded the permissible axle- loaded and empty vehicles, that exceeded the permissible motor- 
. by group loads recommended by the A. A.S.H.O. by various per- vehicle loads recommended by the A. A. S. H. O. by various per- 
centages of overload, in the summer of 1947 centages (maximum) of overload, in the summer of 1947 
ore Number per 1,000 overloaded Number per 1,000 overloaded more’ 
Num- more than— Num- than— 
~ ber per ber per 
50 Region and type of vehicle 1,000 rs Region and type of vehicle 1,000 
over- over- 50 
er- 5 per- |10 per-|20 per-|30 per- 5 per- |10 per-|/20 per-|30 per- 
nt loaded | ‘cent | cent | cent | cent ea loaded oa po Bo me | 
; New England: New England: 
: ae Seen: (ear ae Bots a et oe ene fs ee, er | mens | eee. [Ely name: SR Aare 
6 Cupar Dem, 60ee...... 6022 nnnce| Scan = ee oa er _ Suid oN Ser di ee Dae, eee, EES MEP EEES Wy 
; Other taxke, 6-tived.................: 3 (1) (}) ae am ss Other 2-axié, 6-tired.........-........ 39 38 $2 20 12 6 
3 Ge i tS ees eee 117 100 44 £ 4 ed SN = ots cecil ch dectcucase™ 137 105 62 8 eee 
8 Average, single-unit trucks---_---- 5 3 1 (1) (‘) ev) Average, single-unit trucks_ -__---- 24 22 18 10 6 3 
: Tractor-truck and semitrailer-__-_-- = 85 52 36 11 5 (‘) Tractor-truck and senaitrailer__----_- 300 252 198 120 56 7 
8 Pine ann WI... en) wesc oe we) Piet wise ay ea A ee en! eee nee Come res eee On ee Ua Wes 
4 Average, truck combinations -- -_-- 85 52 36 ll 5 (1) Average, truck combinations. - __-- 299 251 197 119 56 7 
Avg., all trucks and combinations_--. 21 13 8 2 1 (i Avg., all trucks and combinations. - 79 68 54 32 16 4 
e< Middle Atlantic: Middle Atlantic: 
2 i 2 ae aa aod — ee a. He to ae Haein: i Semen RR SR A ae 
1 Cier pees, S8tred.. 25-556 c255<--] .s25- as a wa . Oo OR ren enn Nene ren | eye Oe ease ENR CRE, 
ot Other 2-axle, 6-tired.........----.--.- 1 (1) () ; Ea se Other 2-axle, 6-tired __........-._..-- 32 29 24 15 6 1 
1 SIN en a onan 40 31 24 6 ae ae Three-axle.-__...-.--- CS en SE ny ae 56 53 44 a, eee cae 
25 Average, single-unit trucks--_-_---- 3 1 1 () ie ee Average, single-unit trucks. ___-__-- 19 18 15 8 3 1 
~~ Tractor-truck and semitrailer-__-_--- 117 83 63 27 15 5 Tractor-truck and semitrailer-__--.-- 328 277 225 142 80 22 
25 ee eS eee ees ews ee ve Pi a em eee SERA © WE aap: ERE Rete ae 
7 Average, truck combinations - - -_-- 116 83 63 27 15 5 Average, truck combinations_ - -_-- 326 275 224 141 80 22 
Avg., all trucks and combinations _- 32 23 17 7 4 1 Avg., all trucks and combinations___ - 100 86 70 43 23 rf 
South Atlantic: South Atlantic: 
De IN. <5 cess un]. ones aiid ae a eos ae a ane eer ren kee Sines fo ee es eee a 
ee ee, men Sud oo cies ae : OO a ron Raa Pee Se eS : 
5 Other pan, 6-tired..:..--<...-.--.-| =... " me i = a Other 2-axle, 6-tired_........-...-.--- 5 4 3 2 ee 
(1) i, a ESS A Sener eS 19 15 won ee a Se ae ee aT 24 20 10 10 5 5 
Average, single-unit trucks -___----- 1 1 (4) soe = E Average, single-unit trucks-___.-__-- 4 3 2 2 1 {Q) 
-- Tractor-truck and semitrailer-_------ 37 25 19 9 3 1 Tractor-truck and semitrailer____-._- 199 147 108 45 18 5 
5 py ee ee ees peers stat as as oF fe ee Ermer Gene een nes See | az. 
1 Average, truck combinations - -_-- 37 25 19 9 3 Average, truck combinations. _ __-_- 198 147 108 45 18 5 
Avg., all trucks and combinations --- 11 7 5 2 1 (1) Avg., all trucks and combinations 56 42 30 14 6 1 
- East North Central: East North Central: 
- PN eee, erro mae sais — “se Se RE IN oo ange Sewn kon ut wal-eawee sckdes cowneleseccente ceaeeelteeeaee a 
Pe ee aren (meee ity ae ean tis eo OE SY 2 a hn nes eons een Seen NEN ais 
- NU, ONO. Kn eiccacaccccs] tween ein 2 es a es Other 2-axle, 6-tired.............-...- 1 1 i Care. Sea 
- INE io reso tcacesteccekent | anode tad ee in aa Ze pee 142 23 23 , i Saaees mee 
(!) Average, Single-unit trucks_--......| ----- San a axe fe ne Average, single-unit trucks_____.-- 10 2 2 are es 
- Tractor-truck and semitrailer __------ 99 78 60 27 9 1 Tractor-truck and semitrailer____---- 184 137 102 4] 15 1 
(1) Truck and trailer__--...------------- 364 358 283 237 179 63 Track and taller... . <2 .. sec. 2 sue 369 358 283 237 179 52 
(') - Average, truck combinations_ -__-- 114 94 73 39 19 5 Average, truck combinations a 195 150 112 52 24 4 
Avg., all trucks and combinations- -- 40 33 26 14 7 2 Avg., all trucks and combinations. _- 75 54 41 20 & 1 
- East South Central: East South Central: 
- Ee COREE en, ews wees aa = an Panel ANG PiOkp................... B® a ccnctocccenntcaqcbecdhcomes aes 
Cter Same, Sten... cee] ~-se anes wee aoe ipa i Other 2-axle, 4-tired_............_---- wine adnan oestenid sex emaeliea owe Mes 
. Gites Sens. 640d =. -..-=..-.-..-..<], <<es- ae — ee ee mn Other Daxie, 6tited.................- 4 3 1 J Sates da 
- ye ee eee 7 wae sel see ate (yo ee ee ees 34 31 18 ay aa Re 
1 Average, single-unit trucks--__---- (1) (1) os = =a a Average, single-unit trucks_-_-_-_-- 3 | 1 a ee tire 
== Tractor-truck and semitrailer_-_------ 13 9 3 (4) (4) ax) Tractor-truck and semitrailer _____--- 122 91 56 22 4 1 
1 in S| | a Tn ieee a ee debe sud oe ws vi eee een lee PS Cees eee | Seeeens ate 
(‘) Average, truck combinations__- -_-- 13 9 (4) (1) 2 Average, truck combinations- - - --- 122 91 56 22 4 1 
Avg., all trucks and combinations_ -- 2 2 1 (1) () ae Avg., all trucks and combinations_*_- 25 19 11 5 1 |() 
- West North Central: West North Central: 
=. Pond: aee pe-un. .........-...-...=]| <<< aes ee ces aoe pe Pe ET I oo oe on beac sone seuecdumakice woameeselnes heat ieee eee eee 
== i es ee fits om ot re i cog oO ee aR ee RS Hae (SSS | 
== Other 2-axle, 6-tired........--.......- (4) (4) () (4) () ey Other 2-axle, 6-tired.............--.-- 1 (?) (?) () “ee ere 
== : |. pea ae 13 ll 9 as J a 32 27 25 St ees 
1 Average, single-unit trucks _-__---- Q) (4) (!) () (1) ¥ Average, single-unit trucks___..._- 1 (4) (4) (') i ie eee 
~- Tractor-truck and semitrailer__--._-.- 74 34 16 (?) Tractor-truck and semitrailer_--_---. 175 125 76 26 8 1 
1 Trane enw Wallon 3.25.25. 2, cones ioe a ne arth oa i TE Sere es) (Pree (eee | Seeagire Sate 
(') Average, truck combinations_____- 70 47 32 15 5 (1) Average, truck combinations_.-_-_-- 165 118 72 25 \ 1 
Avg., alJ trucks and combinations .- -- 15 10 7 3 1 (4) _Avg., all trucks and combinations_ - 36 25 16 5 2 (!) 
West South Central: West South Central: 
Parelann pikp....:-.----...-22-.]  <<.<- HRS ea = ue os eC ee eo cout wephocwieadecklvatens ae 
eS ar enn oe ae et ooo ae Og eee eee Cee Se ee ee ar 
oe ees ee ood as ae las a Other 2axie, 6-tired ............-..... 3 2 2 _» eee wai 
~~~ yo a ES er eee eee 12 owe ae nae wie ee DUPE thn ahnccs dc cidananwecweus 29 18 18  ccews Sate 
(1) Average, single-unit trucks. _=-_---- (1) sie ati ould =a Average, single-unit trucks. _.___- 7 2 1 1 gh RRESoe is 
8 Tractor-truck and semitrailer-_------ 19 13 8 4 1 (’) Tractor-truck and semitrailer.____-- 100 7 45 21 7 1 
(') ‘Tyabk and tealler... 32 32 32 32 32 | 16 Truck and trailer...............---- , 97 97 32 32 32 | 16 
() Average, truck combinations_ -__-- 20 14 9 6 3 1 Average, truck combinations. - __-- 100 80 44 22 9 2 
Avg., all trucks and combinations ___-- 5 4 2 2 1 (4) Avg., all trucks and combinations. - 28 22 13 7 2 1 
-- Mountain: Mountain: 
-- Pee One PREIS... .22-.--555..ccc], <.55< na a = 228 = PRE II OO ois oi 5 Conca ndel oaunmsecclaabakwe Poemeainn taeaugeleauaiee wee 
-- Oumar Sanne, €tired.......<.---55....] <<cer ak ey ne ane ne Be ee eS Feet OSes es Te eS aes Pa 
-: Other Danie, 6-tired_................. Sane aS = ake gies ee Other Danie, G-tired.................. 4 4 3 1 eee 
-= cA SA ARR 10 oi wide je Jy ae ee eee 30 14 2 epee ee ee 
3 Average, single-unit trucks - -_---- (4) (4) (4) ies pe oe Average, single-unit trucks_-_--..- 2 2 1 (4) () ss 
= Tractor-truck and semitrailer__--_--- 78 65 46 22 10 1 Tractor-truck and semitrailer__.-.--. 157 119 86 41 17 4 
2 Track and trailer... _......2......- 125 99 68 20 cat ae (3) ee 161 136 98 _ =a ceaand 
1 Average, truck combinations. - -_-_- 85 70 49 22 8 Average, truck combinations- - -_-- 158 122 88 39 14 3 
Avg., all trucks and combinations. __- 15 12 9 + 1 (4) Avg., all trucks and combinations. -- 30 23 16 ¥ 2 1 
Pacific: Pacific: 
Panel and pick-up--_-- ily eaters pcen t emase gore mare soins Br; on a es ene) Meee te Contd weakens weeae sae E 
Caner pees, Ged. lt 2s a aie ae te yuk es Se ene Sees cere Chee eee e 
Other Sazie, 6-tieed.............-...- Sg aS ine ares aie ook Other 3-axie, 6-tired.................- 10 8 6 4 1 . 
- TI oS ae aes 14 13 nee ate er Ci a ae 17 13 ST saeeeitees Be SE 
1 Average, single-unit trucks_____-__- 3 3 1 ave ‘e Average, single-unit trucks- -.---.. 7 5 3 1 (1) ness 
Tractor-truck and semitrailer_______- 187 143 103 33 13 3 Tractor-truck and semitrailer__-_----. 217 164 117 39 14 3 
t Trege ane alles. .....2..5.5.5--.... 242 173 77 12 1 ¢ Jy eh eee 300 196 90 14 ae | See 
(') Average, truck combinations--_-.-._- 209 155 93 25 8 2 Average, truck combinations. .__-- 250 177 106 29 9 2 
_Avg., all trucks and combinations- _-- 72 54 32 8 3 1 Avg., all trucks and combinations_ -- 88 63 38 10 3 1 
-- United States average: United States average: 
a ig ee eer meres oan 228 pane noe ae Panel and pick-up.-.......-..-.--..-. gd a) eee ee Eeeriey=) (Beseetonee. Amaya (se te 
0 Other Sante. €-tired....-.-........-..] <<... ae ‘= a es Other Saxic, 4-tired .................. OE Avagaute elon did aatetidlls «cae wit 
1) Other 2-axle, 6-tired_..............--- () () () (1) (}) Pe Other 2-axle, 6-tired__..........-..-.. 9 7 6 4 2 (1) 
() 5 a PS eR 17 14 7 te}. , << See leraeerenaphaarss: 46 3 15 7 1 1 
H Average, single-unit trucks -__---- 1 1 (4) (4) (‘) oe Average, single-unit trucks- ------- 7 5 4 2 1 (4) 
; Tractor-truck and semitrailer-__----- 77 57 42 17 7 1 Tractor-truck and semitrailer-.---.-. 195 151 110 52 23 5 
9 Track aed Waller. ......-...........- 209 163 91 42 26 9 "TE TUIGE: CII WOME dec ccceccnnwcssoce- 255 187 102 43 26 8 
1 Average, truck combinations. --__-_- 89 67 46 19 9 2 Average, truck combinations- ----. 200 154 109 51 23 5 
= Avg., all trucks and combinations. __- 25 19 12 5 2 1 Avg., all trucks and combinations. -_- 59 45 32 15 7 1 
‘ Less than 5 per 10,000. 1 Less than 5 per 10,000. 
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Trends in Motor-Vehicle Travel, 1947 


BY THE DIVISION OF FINANCIAL AND ADMINISTRATIVE RESEARCH 
PUBLIC ROADS ADMINISTRATION 


Reported by G. P. St. CLAIR, Chief of Division 


Total travel of motor vehicles in 1947 is estimated as 371 billion vehicle-miles, 
of which 187 billion was on rural highways and 184 billion on urban roads and 
streets. Passenger cars accounted for more than 300 billion vehicle-miles of the 
total, busses 4 billion, and trucks and combinations 66 billion. In every cate- 
gory these totals were greater than in any previous year. Total travel in 1947 
exceeded that of 1946 by 9 percent and was I1 percent more than in 1941. The 
increase in travel of trucks and combinations was more than twice that of pas- 
senger cars, the former rising in 1947 to 18 percent above 1946, the latter 7 percent. 

The average vehicle traveled 9,831 miles in 1947, using 746 gallons of gasoline at 
a rate of 13.19 miles per gallon. After the wartime decline, average annual auto- 
mobile travel rose in 1946 to 7 percent more than the 1941 level, but in 1947 dropped 
back to 5 percent above 1941. Average annual truck travel, while showing a 
steady recovery, had in 1947 only reached 93 percent of the 1941 level. 

In addition to the 1947 data, this article reports estimated total motor-vehicle 
travel in the United States for the years 1921-47, with a segregation between rural 
and urban traffic from 1929 on. In these 26 years, total annual travel has risen 
from 55 billion to 371 billion vehicle-miles, an increase of 574 percent. Rural 
travel has gradually 1isen in proportion from 46 to 50 percent of the total. 

Although a respectable body of current data underlies the annual travel esti- 
mates, it is still necessary to base them fundamentally on the patterns deter- 
mined by the comprehensive traffic surveys made circa 1936. As the base period 
becomes more remote the hazards of this procedure increase. A new set of com- 
prehensive surveys is needed to provide a better foundation for the many prob- 


lems in highway planning, construction, and operation that lie ahead. 


HE SERIES of classified estimates of 

- motor-vehicle travel in the United States 
reported in two previous articles in Pusiic 
Roaps ! is carried forward in this article for 
the year 1947. The procedures used in mak- 
ing these estimates were the same as those 
described in the two previous reports, the 
principal factors controlling the calculations 
being (1) the annual estimates of rural-road 
traffic described in another article in this issue 
of Pusptic Roaps; (2) the annual reports of 
highway use of motor fuel; and (3) reported 
motor-vehicle registrations. As in the pre- 
vious calculations, the 1947 estimates were 
based on indicated changes from a previous 
year, the year 1946 being used as the base 
year in this instance. 

Table 1 reports, for the various classes of 
motor vehicles, the estimates for 1947 of rural, 
urban, and total vehicle-miles traveled, aver- 
age miles traveled and motor fuel consumed 
per vehicle, and average travel per gallon of 
motor fuel consumed. The numbers of regis- 
tered vehicles, as modified for the purpose of 
these estimates, are also given. The total 
travel of motor vehicles in 1947 is estimated 
as 371 billion vehicle-miles, of which 187 
billion were traveled on rural highways and 


1 Trends in motor-vehicle travel, 1936 to 1945, PUBLIC ROADs, 
vol. 24, No. 10, Oct.-Nov.-Dec.: 1946, and Trends in motor- 
vehicle travel, 1946, PuBLIc ROADS, vol. 25, No. 3, March 1948. 
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184 billion on urban highways and streets. 
Passenger cars traveled approximately 300 
billion vehicle-miles, busses over 4 billion, and 
trucks and combinations 66 billion. For all 
vehicle types and for both rural and urban 


travel, these totals were greater than in any 
previous year. 

Table 2 gives a comparison of the 1947 
vehicle-mile estimates with those for 1941 and 
1946. Total travel in 1947 was 11.2 percent 
greater than in 1941, the maximum prewar 
year, and was 8.8 percent greater than in 1946. 

The relative increase of rural travel in 1947 
over that of 1946 was slightly greater than 
that of urban travel. A similar but much 
greater contrast observed in the comparison 
of the 1946 with the 1945 estimates! was 
attributed to the recovery from the restrictions 
of the war years, during which rural travel 
suffered much greater reductions than did 
urban travel. The two successive compari- 
sons (expressed in percent) are as follows: 


1946 over 1947 over 

1945 1946 
Increase of rural travel__ 43. 2 9.3 
Increase of urban travel. 31.1 8.3 


In the comparison with 1941 values table 
2 shows that the relative increase in urban 
travel, 12.5 percent, was greater than that in 
rural travel, which was 9.9 percent. A later 
section of this report deals with the trends, 
over a period of years, in the relation between 
rural and urban travel. 

Both comparisons given in table 2 indicate 
that the relative increase in the travel of trucks 


Table 1.—Classified estimate of motor-vehicle travel in the United States in the calendar 



































year 1947 
| | 
= Motor-fuel | Average 
Motor-vehicle travel Stains 9 sell consumption | travel 
ie . per 
Rural Urban | Total | vehicles!) vehicle | ota) 2 —- —— 
travel travel | travel | vehicle | sumed 
| | z 
! 
Million Million Million is 
vehicle- vehicle- vehicle- Thou- Million : 
Passenger vehicles: miles miles miles sands Miles gallons | Gallons | Miles 
Passenger cars 3.__......_--- 143, 662 156, 620 300, 282 30, 872 9, 727 20, 086 651 14. 95 
Busses: | | 
Commercial. ______.__.- 1, 480 | 2, 080 3, 560 | 89 40, 000 712 | 8,000 5. 00 
School and nonrevenue | 621 | 70 691 | 87 7, 989 66 | 770 | 10.37 
pee | 2,101 | 2, 150 | 4, 251 | 176 24, 221 778 4, 436 | 5. 46 
All passenger vehicles......| 145, 763 158, 770 304, 533 31, 048 9, 809 20, 864 672 | 14.60 
Trucks and combinations___.__- 40, 771 25, 318 66, 089 6, 650 9, 939 7,243 | 1,089 9. 13 
All motor vehicles............-- 186, 534 | 184, 088 | 370,622 | 37,698 | 9, 831 28, 107 | 746 | 13.19 
| | 











1 These registration totals differ from those given in Public Roads Administration table MV-1 for 1947 because of the fol- 
lowing adjustments: (1) Approximate correction for defective classification in 4 States, as described in footnotes 9, 10, 13, and 
14 of that table; (2) inclusion of publicly owned vehicles, listed separately in table MV-1; (3) reduction of private and commer- 
cial truck registrations by 2.5 percent to allow for registrations in more than 1 State; and (4) substitution of bus totals as estl- 
mated by the bus industry to afford a complete segregation of commercial busses from school and nonrevenue busses and to 
allow for duplication because of registrations in more than 1 State. wes : = 

2 Total highway use of motor fuel in 1947 is given as 28,216 million gallons in Public Roads Administration table G-21. 
For this analysis there was deducted from that total 109 million gallons estimated use by motorcycles (250 gallons per motor- 


ycle). 
3 Including taxicabs. 
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Table 2.—Increase in motor-vehicle travel, 1947 compared with 1941 and 1946 





Percentage increase of travel— 





Vehicle type 


1947 over 1941 1947 over 1946 
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1 Includes both passenger cars and busses. 


and combinations has been more than twice 
that of passenger vehicles. The estimated 
travel of trucks and combinations in 1947 was 
20.4 percent more than their travel in 1941, 
and 17.7 percent in excess of their 1946 travel; 
the corresponding figures for passenger vehi- 
cles being 9.3 and 7.0 percent, respectively. 
This remarkable increase in truck traffic un- 
doubtedly refiects the sustained and increas- 
ing volume of business activity in the postwar 
years. Reference to.the article Traffic Trends 
on Rural Roads in 1947, also published in this 
issue, will reveal the fact that the ton-miles of 
freight operation on main roads has increased 
even more rapidly than the vehicle-miles of 
truck travel.? 


AVERAGE ANNUAL MILEAGES 


Further comparisons of the travel character- 
istics of passenger cars and trucks are given in 
figure 1 and table 3. Figure 1 compares the 
average miles per year traveled by passenger 
cars, as given by these annual estimates, with 
the corresponding values for trucks and com- 
binations. It will be observed that, for the 
period from 1936 to 1941, the average annual 
mileages of trucks and combinations were well 
above those of passenger cars, and that for 
both vehicle types the values were increasing 
at rather steady rates from year to year. Asa 
result of gasoline rationing and other restric- 
tions during the war period, the average annual 
mileages of both vehicle types fell off sharply. 


2 See figures 4, 5, and 6 of above-cited article, and text, 
pp. 148-152. 


Because of the necessities of wartime freight 
transportation, the restrictions on passenger 
cars were much more severe than those on 
trucks; and the average mileage of passenger 
cars fell off to about 6,200 miles per year in 
1943, whereas the average for trucks fell only 
slightly below 9,000 miles in the minimum 
year, 1944. 


The trends during the postwar years appear 
to have been very different. The average mile- 
age of passenger cars recovered very sharply in 
1945 and 1946; the value for the latter year 
being nearly 10,000 miles per vehicle, a figure 
considerably in excess of the prewar averages. 
In 1947 the value fell to 9,727 miles per 
vehicle. In the case of trucks and combina- 
tions, there has been a steady recovery, but 
the 1947 value, 9,939 miles per vehicle, is con- 
siderably below that of 10,739 miles in 1941 
and slightly below that for 1936, 


Some light on the peculiarities displayed in 
figure 1 may be obtained by an examination 
of the data set forth in table 3, which gives 
for passenger cars and for trucks and combina- 
tions the total vehicle-miles traveled, numbers 
registered, and average miles per vehicle for 
the years 1936-47. Each of these quantities 
is indexed against its value for the year 1941. 


Turning first to passenger cars, we find that 
the total travel of these vehicles in 1947 was 
8.9 percent above the 1941 value. The num- 
ber registered, however, was only 4 percent 
above 1941. The tremendous _ unsatisfied 
demand for passenger automobiles is a matter 
of common knowledge. Among the causes 


Table 3.—Comparison of total vehicle-miles, registrations, and average miles per vehicle, 
for passenger cars and for trucks and combinations, 1936-47 









































Passenger cars Trucks and combinations 
Estimate of total + - : Estimate of total eae i 
vehicle-miles Number Av erage miles vehicle-miles Number : Av erage mile S 
Year traveled registered ! per vehicle ! traveled 1 registered per vehicle ! 
Index Index Index Index Index | Index 
Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 
value value value value value | value 
Thou- Thou- 
Millions sands Millions sands 
1936 208, 654 75.7 24, 201 81.5 8, 622 92.9 41,107 74.9 4,071 79.6 10, 098 94.0 
1937 223, 467 81.1 25, 490 85.9 8, 767 94.4 44,151 80.4 4, 301 84.1 10, 264 95.6 
1938 224, 174 81.3 25, 272 85.1 8, 871 95.5 44, 495 81.1 4, 285 83.8 10, 383 96.7 
1939 235, 629 85.5 26, 252 88. 4 8, 976 96.7 47,219 86.0 4, 495 87.9 10, 504 97.8 
1940 249, 559 90.5 27, 488 92.6 9,079 97.8 49, 927 91.0 4,699 91.9 10, 624 98.9 
1941 275,685 | 100.0 29,691 | 100.0 9, 285 100.0 54,891 | 100.0 5, 112 100.0 10,739 | 100.0 
1942 218, 239 79.2 27,970 94.2 7, 803 84.0 45, 727 83.3 4, 762 93.2 9, 602 89.4 
1943 161,788 | 58.7 26,005 | 87.6 6, 221 67.0 41,594 | 75.8 4,611 90. 2 9,021 | 84.0 
1944 166,073 | 60.2 25, 562 | 86.1 6, 497 70.0 41,708 | 76.0 4, 642 90.8 8,984 | 83.7 
1945 199,185 | 72.3 25,789 | 86.9 7, 724 83.2 45,909 | 83.6 4, 956 96.9 9,264 | 86.3 
1946 280, 457 | 101.7 28,209 | 95.0 9,942 | 107.1 56, 146 | 102.3 5,839 | 114.2 9,615 | 89.5 
1947 300, 282 | 108.9 30, 872 | 104.0 9,727 | 104.8 66,089 | 120.4 6,650 | 130.1 9,939 | 92.6 























! Values as given in Trends in motor-vehicle travel, 1986 to 1945, PUBLIC Roaps, Oct.-Nov.-Dec. 1946; Trends in motor-vehicle 








travel, 1946, PUBLIC Roaps, March 1948; and in table 1 of this article. 
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for this great demand, two principal factors 
can be discerned. First, the abnormal age 
distribution of passenger cars resulting from 
the wartime cessation of production has pro- 
duced a very large need for replacements. 
Second, the great rise in national income, and 
the penetration of relatively high incomes 
among what were formerly low-income groups 
in the labor and farm population has greatly 
broadened the base for the purchase of new 
and used passenger cars. Automobile produc- 
tion was slow in gaining headway during the 
first two postwar years, and only in 1948 has 
anything approaching a maximum production 
rate been reached. In the face of great de- 
mand and short supply it is natural that the 
passenger cars on hand should be overworked, 
so to speak, with a resulting increase of average 
passenger-car mileage to values well above 
those of the prewar years. 

Evidence that this effect was somewhat 
diminished in 1947 is found in the fact that 
the estimated average annual mileage of these 
vehicles dropped from 9,942 miles in 1946 to 
9,727 miles in 1947. This drop may be par- 
tially explained by the fact that a greater 
number of vehicles were driven less than 12 
months in 1947 than were so driven in 1946. 
This fact becomes obvious when it is pointed 
out that there were more than 3 million new 
passenger-car registrations in 1947, whereas 
there were approximately 1.8 million in 1946.3 
It is probable, however, that with a materially 
increased supply of passenger cars in 1947, 
the tendency to drive the average car a greater 
than normal mileage had begun to diminish. 
It is not unlikely that the trend toward some- 
what decreased average annual mileage of 
passenger cars will continue for a year or two 
as a result of the greatly increased production 
of these vehicles. 

The data for trucks indicate a very different 
situation. It is shown in table 3 that the 
travel of trucks and combinations in 1947 was 
20.4 percent above the 1941 value. The 


3 New passenger-car registrations, as reported by R. L. 
Polk and Company, and quoted in the Automobile Manu- 
facturers Association publication Automobile . Facts and 
Figures, 1948 edition, p. 13, were 1,815,196 in 1946 and 3,167,231 
in 1947, 
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Figure 1.—Trends in the average miles per 
vehicle traveled by passenger cars and by 
trucks and combinations. 


157 





number registered, on the other hand, was 


30.1 percent above 1941. In contrast to the 
case of passenger cars, we find the supply of 
trucks, as evidenced by registrations, showing 
a greaier relative increase than the demand for 
truck transportation as evidenced by vehicle- 
miles traveled. Although the truck-produc- 
tion figures indicate a continuing healthy 
demand for freight vehicles, it is quite evident 
that the shortage of supply is by no means as 
acute as in the case of passenger cars. It 
should be borne in mind that the increase in 
truck travel over 1941 values was more than 
twice the increase in passenger-car travel, and 
that, in terms of ton-miles of operation, the 
increase was even greater. In spite of these 
great increases, the rise in truck registrations 
was such that the large volume of increased 
business could be carried at an average mileage 
per vehicle lower than that of the prewar 
years. It is probable also that a considerable 
part of the increased truck registrations in- 
clude those of farmers, small business men, 
and trucking operators new to the field, all of 
whom would have a tendency toward low- 
mileage operation. 

Although the explanations given above tend 
to confirm the comparisons given in figure 1 
and table 3, there may be some disposition to 
question whether the accuracy of the estimates 
is such as to make these findings entirely ac- 
ceptable. It must be acknowledged that in- 
sufficient data are available to produce esti- 
mates which could be accepted as highly 
accurate. It is necessary to use certain pro- 
cedures and certain assumptions that are not 
fully supported, and to carry forward trends 
from year to year which may involve the 
continuation of past inaccuracies. It is 
found, however, that where options exist in 
making the estimates, they do not lead to 
large deviations in the final results. If an 


arbitrary adjustment is attempted in order to 
eliminate an apparent inconsistency in one 
item, compensating adjustments in other items 
will produce greater inconsistencies than the 
one it is desired to remove. Although uncer- 
tainties as to the accuracy of the estimates 
must continue to exist until more adequate 
data are available, it is believed the findings 
are reasonably consistent and in harmony 
with discernible trends. 


VEHICLE-MILE ESTIMATES, 1921-47 


In table 4 there are given values of the 
estimated total motor-vehicle travel in the 
United States for the years 1921-47. A seg- 
regation of these values between rural and 
urban traffic is given for the years 1929-47. 
Values from 1936 through 1946 were given in 
the two Pusuic Roaps articles previously 
referred to. The values for the earlier years 
have been given some currency but have not 
previously been published. 

Because of the fact that comprehensive 
studies of traffic and motor-vehicle use were 
not made prior to the State-wide highway 
planning survey period, for which 1936 is 
generally taken as the base year, it is not pos- 
sible at this late date to make accurate esti- 
mates of motor-vehicle travel for years prior 
to 1936. Estimates of total travel given in 
table 4 were obtained by applying to the values 
of total highway use of motor fuel given in the 
annual motor-fuel usage analysis (Public 
Roads Administration table G—21) the value 
of 13.984 miles per gallon, derived from the 
vehicle-mile estimates for the year 1936. 
Although this procedure is open to question, 
there exists no volume of data whereby an 
accurate trend in the variation of average 
miles per gallon for those earlier years could 


4 See footnote 1, p. 156. 


Table 4.—Estimate of motor-vehicle travel in the United States, 1921-47! 























Rural | Urban Total 
Year = = 
* | 
Amount | Percentage | Amount | Percentage} Amount Percentage 
Million Million Million 
vehicle-miles vehicle-miles vehicle-miles 

LA eaten ness, 1h ae) a oe ee alae de eae 
a, ESE SRS eee See, eerie ae 
OE EPR esa edievteniee. # \ awabuake aes 
BO 0S Wem oe ere en Ps Se : gt) eae 
NE) ) Bl Smacoitonion Jptiee i niece JM ttieieGe ne cy S| ee 
td MR oe Sere meer lew cri mene ob -Sescasuxe 
ES: (RRR SR ES) eer ee reas ae eee 2 eee 
ET EES ee Ben ee ere eee ) gi ree 
1929 90, 311 45.7 107, 409 54.3 197, 720 100.0 
1930 95,118 46.1 111, 202 53.9 % 100.0 
1931 100, 571 46.5 115, 580 53.5 216, 151 100.0 
1932 94, 151 47.0 106, 366 53.0 200, 517 100.0 
1933 95, 064 47.4 105, 578 52.6 200, 642 100.0 
1934 103, 050 47.8 112, 513 52.2 215, 563 100.0 
1935 110, 241 48.2 118, 327 51.8 228, 568 100.0 
1936 122, 678 48.7 129, 450 51.3 252, 128 100.0 
1937 132, 038 48.9 138, 072 51.1 270, 110 100.0 
1938 134, 913 49.8 136, 264 50. 2 271,177 100.0 
1939 143, 149 50. 2 142, 253 49.8 285, 402 100.0 
1940 152, 150 50.4 149, 993 49.6 302, 143 100.0 
1941 169, 805 50.9 163, 591 49.1 333, 396 100.0 
1942 128, 861 48.2 138, 235 51.8 267, 096 100.0 
1943 97, 757 47.3 108, 990 52.7 206, 747 100.0 
1944 100, 830 47.7 110, 750 52.3 211, 580 100.0 
1945 119, 183 47.9 129, 743 52.1 248, 926 100.0 
1946 170, 606 50.1 170,049 | 49.9 340, 655 100.0 
1947 186, 534 50.3 184, 088 | 49.7 370, 622 100.0 

















1 For years prior to 1936 values of total motor-vehicle travel were extrapolated with the aid of motor-fuel consumption 
data, by assuming a constant value for average miles per gallon, e. g., 13.984 miles per gallon, the value derived in making the 


estimate for 1936. 
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be developed. The values given in table 4 
are without doubt sufficiently accurate for the 
purposes for which estimates of vehicle-miles 
traveled in years prior to 1936 are needed. 
The values of rural and urban travel given in 
table 4 were derived by extending backward 
to 1929 the trend in percentage relation of 
rural travel to total travel indicated by the 
analysis which led to the estimates of vehicle. 
miles for the years 1936-41. Such a procedure 
is also of questionable accuracy; and it was 
felt that this estimated segregation between 
rural and urban travel should not be carried 
to years earlier than 1929. No classification 
of these earlier estimates by type of vehicle 
has been made. Reasonable values for a few 
years prior to 1936 could probably be esti- 
mated, but it is felt that no very useful purpose 
would be served by making such estimates. 
The trend curves for total travel from 1921 
through 1947 and for rural and urban travel 
from 1929 through 1947 are given in figure 2. 


COMPARISON OF TRENDS IN MOTOR- 
FUEL USE AND RURAL HIGHWAY 
TRAVEL 


Table 4 gives, for each year from 1929 
through 1947, the percentage distribution 
between rural and urban travel. These values 
indicate a steadily increasing proportion of 
rural travel to total travel from 1929 through 
1941. The question may be raised whether 
this indication reflects the findings of actual 
data or whether assumptions have been made 
in annual estimates which have produced an 
artificial trend not confirmed by facts. The 
comparisons given in table 5 and illustrated in 
figure 3 throw some light on this question. 

Table 5 gives, for the years 1929-47, the 
Nation-wide totals of highway use of motor 
fuel. These values are also expressed in the 
form of an index and compared with the cor- 


Table 5.—Comparison of trends in highway 
use of motor fuel and rural highway 
travel, 1929-47 




















Indexes relative to 
1936 values 
Highway 
Year use of 
motor fuel !| Highway Rural 
use of highway 
motorfuel| travel ? 
Million 
gallons 
1929 14, 139 78.1 73.6 
1930 14, 754 81.5 77.5 
1931 15, 457 85. 4 82.0 
1932 14, 339 79. 2 76.7 
1933 14, 348 79.3 77.5 
1934 15, 415 85. 2 84.0 
1935 16, 345 90. 3 89.9 
1936 18, 099 100. 0 100. 0 
1937 19, 455 107.5 | 107.6 
1938 19, 612 108.4 110.0 
1939 20, 714 114.4 116.7 
1940 22, 001 121.6 | 124.0 
1941 24, 192 133. 7 138. 4 
1942 19, 940 110. 2 105. 0 
1943 16, 004 88. 4 79.7 
1944 16, 430 90. 8 | 82.2 
1945 19, 149 105.8 | 97.2 
1946 25, 649 141.7 } 139.1 
1947 28, 216 155.9 | 1521 
| 











1See Highway Statistics, Summary to 1945, Public Roads 
Administration, 1947, p. 5; and table G-21, 1947. 
2 Derived from table 4, second column. 
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responding index of the volume of rural travel, 
calculated. from the data given in table 4. 
The index values are based on the year 1936, 
which is the year with which the annual vehi- 
ce-mile estimates began, and is generally 
taken as the base year of the comprehensive 
planning-survey studies. Both sets of indexes 
are plotted in the upper panel of figure 3. 
It will be observed that, for the years 1937-41, 
there is a gradual upward divergence of the 
rural travel index from that of total highway 
use of motor fuel. In other words, the slope of 
the rural traffic line is appreciably steeper than 
the slope of the motor-fuel consumption line. 

These two sets of index values were derived 
from entirely independent data. The rural 
travel estimates are taken without change from 
the annual calculations of rural travel based 
chiefly on the fixed automatic recorder data. 
The values for total highway use of motor fuel 
are obtained by an analysis of the reports of 
motor-fuel consumption submitted by the 
several States. The motor-fuel data can be 
taken as representative of total motor-vehicle 
travel, both rural and urban. This being 
the case, the increase of the rural-travel index 
relative to the motor-fuel-use index during the 
period 1931-41 is a definite indication that the 
percentage relation of rural travel to total 
travel was rising during these years. 

The objection might be raised that changes 
in average miles per gallon, as between rural 
and urban use of motor vehicles, could account 
for the difference in the two trend lines. The 
loadometer studies'on main rural roads indi- 
cate that the gross loads and carried loads of 
trucks and combinations increased materially 
during the period under study; but this 
factor, rather than accounting for the differ- 
ence in trends, would work in the opposite 
direction, since it would imply an increase in 
motor-fuel consumption on rural roads, 
relative to the total volume of rural travel. 

This positive indication for the period 
1936-41 lends support to the extrapolated 
values for rural travel prior to 1936, which 
carry backward the same trend. Index 
values for the two graphs in figure 3 cross 


at the year 1936, but the steeper slope of the | 


index of rural highway travel is plainly 
evident. The percentage relations of rural 
travel to total travel are shown graphically 
in the lower panel of figure 3 and they indicate 
a gradual but steady rise in the relative 
amount of rural travel from 1929 through 
1941, 

The indicated trend in the relation of rural 
to urban travel is consistent with the geuerally 
known facts of highway and motor-vehicle 
history. In the early days of the motor ve- 
hicle its ownership and use was confined 
largely to the cities and their immediate sur- 
toundings. As the network of improved rural 
toads gradually developed, rural ownership 
increased and the radius of operation of urban 
Vehicles was greatly enlarged, with the result 
that the volume of rural travel began gradually 
to overtake that of urban travel. The plan- 
ning-survey road-use studies, conducted in a 
large number of States during the period 
1935-39, indicated a Nation-wide distribution 
of somewhat more than 50 percent rural travel. 
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BILLION VEHICLE- MILES 


Figure 2.—Estimated total motor-vehicle travel, 1921-47; estimated rural and urban travel, 
1929-47. 
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Figure 3.—Trends in total highway use of motor fuel and rural highway travel. 


















The basic calculations for the annual vehicle- 
mile estimates, which depended more heavily 
upon the motor-vehicle-allocation and traffic 
studies than upon the road-use data, indicated 
slightly less than 50 percent rural travel in 
1936, with the value reaching 50 percent for 
the first time in 1939, 

As may be observed in figure 2, the decline 
in rural travel during the war period was much 
more severe than that in urban travel. This 
situation is reflected in figure 3 by the crossing 
of the index lines, the motor-fuel consumption 
index for the years 1942-45 being considerably 
above the index of rural travel. In the years 
1946 and 1947 the recovery of the two indexes 
has been along more or less parallel lines, but 
it is shown in the lower panel of figure 3 that 
the percentage of rural travel, although 
slightly greater than 50 percent in 1946 and 
1947, had not yet quite recovered to its prewar 
value. Whether it will do so in the next few 
years is conjectural. Purely from the stand- 
point of a return to normal trends such a 
result might be expected. On the other hand, 
there may have been permanent changes in 
the relative urbanization of the population 
which would tend to work against such a 
development. Furthermore, the _ current 
movement toward the relief of urban con- 
gestion may have the effect of causing a 
material increase of urban travel relative to 
total travel. 


MORE ACCURATE AND COMPLETE 
DATA NEEDED 


The making of annual Nation-wide estimates 
of motor-vehicle travel has proved to be a use- 
ful activity, well worth continuing. The value 
of these estimates would be greatly enhanced 
if it were possible to subdivide the Nation-wide 
totals and averages into values for each State. 
Although vehicle-mile estimates are frequently 
made in individual States, it has not yet been 
found feasible to organize a procedure whereby 
each State highway department would make 
and report such estimates annually. 

Great difficulties attend the calculation of 
classified vehicle-mile estimates in an individ- 
ual State. The Nation-wide rural traffic 
analysis is based primarily on reports from 
about 660 continuous automatic recorders, an 
average of about 14 per State. Thisis arather 
slender sample on which to base an estimate of 
total vehicle-miles, even though reinforced by 
data from portable recorders, manual counts, 
and other sources. In calculating averages 
per vehicle difficulties are encountered in mak- 
ing allowances for the out-of-State travel of 
vehicles registered in the State and the travel 
within the State of vehicles from other States. 
In making use of motor-fuel cons! mption 
statistics similar allowances must be 1made for 
motor fuel purchased in one State anc used in 
another. These obstacles are not insurinount- 
able, but they introduce sources of inaccuracy 
to which the calculation of Nation-wide esti- 
mates is not subject. 

Although a respectable body of data under- 
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lies the annual estimate of Nation-wide rural 
traffic volumes, it is still necessary to predicate 
the estimates of a given year on the sequence 
of values obtained for previous years, with the 
period of the comprehensive traffic surveys 
taken as the base. In other words, the volume 
of rural traffic data produced each year is not 
sufficient to provide independent estimates 
for that year taken alone. As the base period 
becomes more and more remote the hazards 
of this procedure increase. With respect to 
urban traffic no comparable series of data 
exists; and Nation-wide estimates of urban 
travel can be obtained only by the device of 
estimating total travel with the aid of motor- 
fuel consumption data, and deducting there- 
from the estimated values of rural travel. 
Increasing recognition of the necessity to 
know about the characteristics of urban 
travel gives promise that a body of data on 
urban traffic, comparable to that now availa- 
ble in the field of rural traffic, will gradually 
be developed. 

It is unlikely, however, that at any time in 
the near future, continuous records of traffic 
volumes will be adequate for the making of 
independent estimates of total vehicle-miles— 
independent, that is, of the past sequence of 
such estimates and of such supporting data as 
the record of motor-fuel consumption. Ve- 
hicle-mile estimates are essentially a by- 
product that would not of itself justify large 
expenditures in highway research. Studies of 
traffic volume and composition, origins and 
destinations, and the patterns of highway 
travel have as their immediate objectives the 
solution of problems of highway location, 
geometric design, and traffic control. More 
broadly, they are concerned with the adapta- 
tion of the highway plant to the travel habits 
and needs of motor-vehicle users and the 
public generally ; and the coordination of high- 
way planning with land-use and other general 
planning. Finally, the data collected in this 
field should be adapted to the requirements of 
financial planning and the solution of highway 
tax problems. Estimates such as those de- 
scribed in this report are useful only as they 
further these main objectives, which do not 
necessarily require the maintenance of a con- 
tinuous annual record of large dimensions. 

Since it remains necessary to calculate 
annual estimates of travel volumes in terms of 
year-to-year changes, referred to a base period 
of comprehensive studies, it hecomes impera- 
tive to consider whether a new base period 
should not be established. We cannot continue 
much longer to predicate an analysis of post- 
war patterns of highway use on estimated devi- 
ations from patterns found to exist circa 1936. 
A new deal in comprehensive planning-survey 
studies is called for. 

In the field of rural travel, definite progress 
is being made in the direction of comprehensive 
coverage. About 14 States have programs in 
operation or in the planning stage, which will 
realize or approximate the scope of the earlier 
State-wide studies, and thus establish a new 


base period for rural traffic estimates. [y 
general, these programs call for coverage of the 
entire rural system over a short period of 
years, rather than for a single 1-year survey, 
No such progress with respect to studies of 
urban travel, or the use of interview or ques- 
tionnaire techniques to determine the distrj- 
bution of all travel, can be reported. 

There can be no doubt of the general 
utility, in the solution of current highway 
problems, of a new supply of “strictly fresh” 
data on the characteristics of motor-vehicle 
travel. In the very important studies of high- 
way needs, both engineering and fiscal, that 
have been made in numerous States during 
the past few years, the investigators have been 
forced to rely on an inadequate body of infor- 
mation. A new set of comprehensive surveys 
would reinforce and give authority to the 
findings of these studies (although probably 
necessitating some modifications) ; and would 
provide a much better foundation for similar 
studies in States where they have not yet been 
made. 

Obviously the new studies of highway travel 
patterns should not follow blindly in the path 
of the old. Much has been learned about 
highway research techniques since the days of 
the early planning surveys. Methods of 
traffic counting, classification, and _ truck 
weighing have become highly developed; and 
there is continuous study. of the efficiency of 
sampling in this field. The early motor- 
vehicle-allocation and road-use surveys taught 
us much about how and how not to sample 
motor-vehicle travel habits. More recent 
developments in road-interview and home- 
interview origin-destination studies have 
forged new weapons of attack on basic highway 
problems. The intention here is not to offer 
a procedure for making comprehensive State- 
wide studies; but only to point out that the 
tools of data collection and analysis are ready 
to our hands. What is needed is careful, intel- 
ligent planning, with a shrewd eye on efficiency 
and economy in sampling, and a sober determi- 
nation to concentrate on essential facts. 

The necessity for using motor-vehicle 
registration and motor-fuel consumption data 
in making estimates of highway travel will 
continue. These data are matters of State 
record. Although the records themselves can 
be improved, and efforts are being made in that 
direction, it is in their utilization that the 
weakness lies. In order to convert motor- 
fuel consumption figures into classified esti- 
mates of motor-vehicle travel it is necessary to 
use data on average miles per gallon developed 
in the early planning-survey studies, with 
only such corrections as can be devised to 
account for known changes, such as the in- 
creased operating loads of trucks and coll- 
binations. In planning comprehensive State- 
wide studies of motor-vehicle use and travel 
characteristics, provision should be made for 
obtaining accurate statistical averages of the 
rates of fuel consumption in vehicles of differ- 
ent types and loadings. 
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PUBLICATIONS 


of the Public Roads Administration 





The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
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Reports of the Chief of the Bureau of Public Roads: 
1931, 10 cents. 1934, 10 cents. 1937, 10 cents. 
1932, 5 cents. 1935, 5 cents. 1938, 10 cents. 
1933, 5 cents. 1936, 10 cents. 1939, 10 cents. 
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